Nouvelles approches pour l'évaluation environnementale des biocarburants avancés by MENTEN, Fabio Machado & BERTIN, Henri
!"#$$%&&'$(!)*$++++$
$
Arts et Métiers ParisTech - Centre de Bordeaux-Talence 



































présentée et soutenue publiquement par 
 
Fabio Machado MENTEN 
 
le 26 mars 2013 
 




T H È S E 
pour obtenir le grade de docteur délivré par 
 
l’École Nationale Supérieure d'Arts et Métiers 
Spécialité “ Énergétique ” 
 
Directeur de thèse : Henri BERTIN  








M. Benoît GABRIELLE, Professeur, INRA, AgroParisTech       Président 
Mme. Catherine AZZARO-PANTEL, Professeur, LGC, ENSIACET        Rapporteur 
M. Pascal LESAGE, Chercheur, CIRAIG, Polytechnique Montréal      Rapporteur 
M. Henri BERTIN, Directeur de Recherche, CNRS, Arts et Métiers ParisTech     Examinateur 
M. Jean-François BONNET, Maître de Conférences, I2M, Arts et Métiers ParisTech    Examinateur 
M. Arnaud HELIAS, Maître de Conférences, INRA, Montpellier SupAgro     Examinateur 
M. Jean-François GRUSON, Chef de Département D3E, IFP Energies nouvelles   Invité 











!V/)(0$! I#$W! K#/1`/;! V,$/)#/0! ?+0-$:#0(! 04! D$(#'/! I%5'%6M>! "$/.! -'4(0! .'%4#0/;! 10!4($-$#:!/*$%($#4!5$.!343!5'..#8:0!]!!! P0!.'%+$#40($#.!(0,0(1#0(!4'%40!:*37%#50!)%!?@KV@Y!5'%(!:0%(!$11%0#:!04!20/4#::0..0!50/)$/4!,'/!.3&'%(!9!D'/4(3$:;!.%(4'%4!J+',$.!I$/)(0.!5'%(!.'/!0650(4#.0!04!$,#4#3;!04!K3&0$/!"$,.'/!5'%(!:*0/1$)(0,0/4>!!!!! L$!4+=.0!$!343!$%..#!:*'11$.#'/!)0!5$(4#1#50(!9!)#-0(.0.!1'/O3(0/10.;!O'(,$4#'/.!04!
"#$$%&! "'())*">! P0! -'%)($#.! (0,0(1#0(! 4'%40.! :0.! 50(.'//0.! (0/1'/4(30.! :'(.! )0! 10.!3-3/0,0/4.!$-01!7%#! &*$#!5%!31+$/20(!)0.! #)30.!04!5$(4$20(!)0.!0653(#0/10.!)0! 4($-$#:!FL$%(0/10!S$,'/;!D$/%0:0!D$(2/#;!?31#:0!E%::0;!V//0QD$(#0!E'%:$T;!\#/10/4!I0!E(%#::0;!\#a4!?$';!V%('(0! P%:#0/;!K',$/!S$1b:;!S$((T!K'.0;!K#$!D$/8')+;!?':#/!Z':)0/;!c%4$b$!Y'4';!K$,$/!"+$(,$;![M>!!!! C4! 1',,0/4! /0! 5$.! (0,0(1#0(!,0.! 2($/).! $,#.! 2:$)#$40%(.! )0! :$! 4+=.0;! P0$//0!K#'4!04!E(%/'!?$5)0-#:$!d!\'%.!a40.!:0.!5('1+$#/.[!7%0!:$!O'(10!.'#4!$-01!-'%.!]!! e$! .0($! )#OO#1#:0! )0! /0! 5$.! '%8:#0(! 7%0:7%f%/!,$#.! &0! -$#.! 0..$T0(! )0! (0,0(1#0(!,0.! $,#.;! 7%#! '/4! 1+$1%/! 9! :0%(!,$/#=(0! 1'/4(#8%3! 9! :$! 1'/1(34#.$4#'/! )0! 10! 4($-$#:!g!D#2%0:'/;! E$4$4$;! V:06;! V/4'/#';! P'+/;! E0(/$();! A$8#0/;! J+',;! A($/R'#.;! B0)(h';!B0)(#/+';!V/)(3;!i$b';! P%/#/+';!"3(2#';!"+#2$;!B'5.;!D%(#::';!L%#W$;!J#,;! @2+'(;!\$/)0(;!A'(4%/$4';!D'#4$;!L0'Wh';!\#(2j:#';!E`(#.;!"1+,#)4;!?$80Rh';!k44';!P$-#0(;!D$:%1';!A$8(j1#';!c'/2+';!D'4'b#;!?#R$;!L0:a;!I$//T;! P%:#$/$;!S0:0/$;!E01b;!C/$;!D$(#$/$;!K')(#2';!l$-#0(;!P0OO;! ?+#1';! K#4$;! A:'(0/10;! L#.$;! Y$/.';! I$/#0:;! E#,;!m0/)0::;! B$%:h';! E($):0T;! E(%/h';!I0)3;!D$b'4'[!! P0! /*$#! 5$.! )0! ,'4.! 5'%(! (0,0(1#0(! ,$! O$,#::0! 04! 0/! 5$(4#1%:#0(! ,0.! 5$(0/4.;!A0(/$/)'! 04! n%(0$;! 7%#! ,*'/4! 4'%&'%(.! .'%40/%;! ,a,0! )0! :'#/;! 50/)$/4! ,'/! :'/2!5$(1'%(.! .1':$#(0>! \'%.! .$-0W! 8#0/! 7%0! O$#(0! %/0! 4+=.0! 9! :*34($/20(! /*0.4! 5$.! %/! 1+'#6!O$1#:0;! ,$#.! $%! ,'#/.! ,$#/40/$/4! /'%.! $-'/.! )0.! ,'T0/.! )0! 1',,%/#1$4#'/! 04! )0!4($/.5'(4.!5:%.!$110..#8:0.!7%*0/!opqr;!/'/!d]!! C/O#/;!,0(1#! 9!D$(#$;! 5'%(!,*$-'#(! 35$%:3! 50/)$/4! 4'%40! 10440! $-0/4%(0>! D0(1#!5'%(!4'%4!]!!! kEK@YVIk!C!VJ_!LkYk]!
! !








































0=>?5!@5<!6=;9A75<!!@/4(')%14#'/!23/3($:0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!p!B$(4#0!@!H!_/0(2#0;!4($/.5'(4.!04!0/-#('//0,0/4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ot!o! ?'/40640!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ou!o>o! _/0(2#0!04!4($/.5'(4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oq!o>G! L0.!8#'1$(8%($/4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gt!o>t! L0.!$.5014.!5':#4#7%0.!)%!)3-0:'550,0/4!)0!8#'1$(8%($/4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gp!G! "T.4=,0.!04!D34+')0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tu!G>o! B(')%14#'/!)0!8#'1$(8%($/4.!$-$/13.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tu!G>o>o! E#',$..0!:#2/'10::%:'.#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tv!G>o>G! \'#0!E#'1+#,#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tp!G>o>t! \'#0!J+0(,'1+#,#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!rG!G>o>r! E#')#0.0:!9!5$(4#(!)0!,#1('$:2%0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!rv!G>G! L*V/$:T.0!)0!1T1:0!)0!-#0!FV?\M!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!uo!G>G>o! B(#/1#50.!23/3($%6!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ut!G>G>G! S#.4'(#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!uv!G>G>t! k(#0/4$4#'/.!5'%(!:$!1'/)%#40!)*%/0!34%)0!V?\!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!up!B$(4#0!@@!H!K3-#.#'/!8#8:#'2($5+#7%0!g!:$!,34$Q$/$:T.0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!wu!t! D34+')0.!g!$55:#1$4#'/!)0!:$!,34$Q$/$:T.0!$%6!34%)0.!V?\!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!wv!t>o! ?+'#6!,34+')':'2#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!wv!t>G! B(3.0/4$4#'/!23/3($:0!)0!:$!,34+')0!)0!,34$Q$/$:T.0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!vG!t>G>o! J($#40,0/4!)0!:f+343('.13)$.4#1#43!)$/.!:f$/$:T.0!)0!,34$Q(32(0..#'/!>>>>>>!vv!t>G>G! D34+')0.! )f0.4#,$4#'/! %4#:#.$/4! %/0! ,$4(#10! )0! 1'-$(#$/10! ('8%.40! 9!:f+343('.13)$.4#1#43!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!vq!t>G>t! L$!,34+')0!)f0.4#,$4#'/!)0.!,'#/)(0.!1$((3.!5'/)3(3.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!vp!t>t! ?'/.4(%14#'/!04!1',5'.#4#'/!)0!:$!8$.0!)0!)'//30.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!qo!t>t>o! "3:014#'/!04!)0.1(#54#'/!)0.!34%)0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!qG!t>t>G! Lf0OO014Q.#W0!g!:$!-$(#$8:0!)350/)$/40!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!qu!t>t>t! L0.!O$140%(.!5'40/4#0:.!g!:0.!-$(#$8:0.!#/)350/)$/40.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!qw!r! K3.%:4$4.!)0!:$!,34$Q$/$:T.0!)0.!V?\!)0!8#'1$(8%($/4.!$-$/13.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!po!r>o! I0.1(#54#'/!)0!:$!8$.0!)0!)'//30.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!po!r>o>o! k8.0(-$4#'/.!5$(!4T50!)0!8#'1$(8%($/4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pr!r>o>G! k8.0(-$4#'/.!5$(!(32#'/.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pw!r>G! L0!,')=:0!)0!,34$Q(32(0..#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oxx!r>t! K3.%:4$4.!)0!:f$/$:T.0!)0!,34$Q(32(0..#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oxG!r>t>o! K3.%:4$4.!5'%(!:f31+$/4#::'/!1',5:04!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oxu!r>t>G! K3.%:4$4.!5'%(!:f31+$/4#::'/!YG!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oxq!r>t>t! K3.%:4$4.!5'%(!:f31+$/4#::'/!)f34+$/':!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ooo!r>t>r! K3.%:4$4.!5'%(!:f31+$/4#::'/!EJL!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oor!
!!G!
r>t>u! K3.%:4$4.!5'%(!:f31+$/4#::'/!Yt!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oov!r>r! S$(,'/#.$4#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGo!r>r>o! B(3-#.#'/!#/!.$,5:0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGG!r>r>G! B(3-#.#'/!'%4!'O!.$,5:0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGu!r>u! K0,$(7%0.!)0!1'/1:%.#'/!04!$/$:T.0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!otx!B$(4#0!@@@!H!V?\!1'/.37%0/4#0::0!04!5('.5014#-0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!otu!u! D34+')0.!04!)3O#/#4#'/!)0!:*34%)0!)0!1$.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!otv!u>o! V55('1+0!1'/.37%0/4#0::0!04!5('.5014#-0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!otp!u>G! I3O#/#4#'/!)0!:f34%)0!)0!1$.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orG!u>t! I0.1(#54#'/!)%!,')=:0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orw!u>r! V)$54$4#'/!)%!,')=:0!5'%(!5($4#7%0(!:fV?\Q?!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ouG!u>u! N/#43!O'/14#'//0::0!04!O('/4#=(0.!)%!.T.4=,0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!our!u>w! @/432($4#'/!)0.!$.5014.!)T/$,#7%0.!)$/.!:f3-$:%$4#'/!)0.!(3.%:4$4.!>>>>>>>>>>>>>>>!ouv!u>v! ?'/.4(%14#'/!)0.!.13/$(#'.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ouq!w! K3.%:4$4.!04!)#.1%..#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owo!w>o! K3.%:4$4.!)%!BKY!5'%(!:$!5(')%14#'/!)0!EJL!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owo!w>G! @)0/4#O#1$4#'/!)0.!401+/':'2#0.!$OO01430.!5'%(!:$!5(')%14#'/!)0!EJL!>>>>>>>>>>>>>>>!owr!w>G>o! COO04.!)0!.%8.4#4%4#'/!)$/.!:$!5(')%14#'/!)f3:014(#1#43!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owv!w>G>G! COO04.!)0!.%8.4#4%4#'/!)$/.!:$!5(')%14#'/!)0!1+$:0%(!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owp!w>G>t! COO04.!)0!.%8.4#4%4#'/!)$/.!:0!.0140%(!)%!4($/.5'(4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ovx!w>G>r! COO04.!)0!.%8.4#4%4#'/!)$/.!:0.!#,5'(4.!04!065'(4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ovt!w>t! V/$:T.0.!)0!.0/.#8#:#43!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ovu!w>r! C65:'($4#'/!)0.!:#,#40.!)%!,')=:0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oqo!w>u! I#.1%..#'/!.%(!:f%/#43!O'/14#'//0::0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oqw!w>w! K0,$(7%0.!O#/$:0.!04!(01',,$/)$4#'/.!,34+')':'2#7%0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oqq!?'/1:%.#'/.!04!50(.5014#-0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!opt!K3O3(0/10.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!opp!V//060!V!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!GGo!V//060!E!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!GGr!V//060!?!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!GGu!V//060!I!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Grt!!
!! t!
'9<;5!@5<!B9CD75<!
!A#2%(0!o!H!K3.%:4$4!)0!.#,%:$4#'/!)%!y!K$55'(4!D0$)'z.!{!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ow!A#2%(0!G!H!"T.4=,0!3/0(234#7%0!2:'8$:!H!0/!D405!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!op!A#2%(0!t!H!_,#..#'/.!$/4+('5#7%0.!,'/)#$:0.!)0!YC"!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Go!A#2%(0! r! H! ?'/10/4($4#'/! )0! YC"! $T$/4! %/0! (0:$4#-0,0/4! :'/2%0! )%(30! )0! -#0! )$/.!:*$4,'.5+=(0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!GG!A#2%(0!u!H!J0,53($4%(0!,'T0//0!0.4#,30!)0!:$!.%(O$10!)0!:$!J0((0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!GG!A#2%(0!w!H!B(')%14#'/!,'/)#$:0!)0!8#'1$(8%($/4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gr!A#2%(0!v!H!@::%.4($4#'/!)0.!?V"!)#(014!04! #/)#(014!$..'1#3.!9! :*#/4(')%14#'/!)*%/0!1%:4%(0!3/0(234#7%0!9!:$!5:$10!)*%/0!1%:4%(0!)0.4#/30!9!:*$:#,0/4$4#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gw!A#2%(0!q!H!L0.!5(#/1#5$:0.!O#:#=(0.!)0!5(')%14#'/!)0!8#'1$(8%($/4.>!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gv!A#2%(0! p! H! _-':%4#'/! )0! :$! 5(')%14#'/! )0! 8#'1$(8%($/4.! 04! )0! :*%.$20! )0! .':.! )$/.! :0!,'/)0!)$/.!:0!rux"!)0!:fV@C>!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!Gq!A#2%(0!ox!H!_-':%4#'/!)0!:$!1'/.',,$4#'/!)0!8#'1$(8%($/4.!,$/)$430!5$(!:$!KA"G!>>>>>>>!tG!A#2%(0!oo!H!D$4#=(0.!5(0,#=(0.!04!1$(8%($/4.!:#7%#)0.!(05(3.0/43.!)$/.!%/!I#$2($,,0!)0!\$/!i(0-0:0/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tv!A#2%(0!oG!H!"4(%14%(0!)0!:$!8#',$..0!:#2/'10::%:'.#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tq!A#2%(0! ot! H! C60,5:0! )0! 5('13)3! )0! 1'/-0(.#'/! 8#'1+#,#7%0! )0! :$! 8#',$..0!:#2/'10::%:'.#7%0!0/!34+$/':!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!rx!A#2%(0! or! H! C60,5:0! )0! 5('13)3! )0! 1'/-0(.#'/! 4+0(,'1+#,#7%0! )0! :$! 8#',$..0!:#2/'10::%:'.#7%0!0/!)#0.0:!)0!.T/4+=.0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!rt!A#2%(0!ou!H!C60,5:0!)0!5('13)3.!)0!1'/-0(.#'/!)0!,#1('$:2%0.!0/!8#')#0.0:!>>>>>>>>>>>>>>>>>>>>!rq!A#2%(0!ow!H!?T1:0!)0!-#0!)*%/!8#'1$(8%($/4!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!uG!A#2%(0!ov!H!_4$50.!)0!:$!(3$:#.$4#'/!)f%/0!34%)0!V?\!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ut!A#2%(0!oq!H!"1+3,$!)0!:*$55:#1$4#'/!)0!:$!,34+')0!)0!.%8.4#4%4#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!uu!A#2%(0!op!H!"1+3,$!)0!:*$55:#1$4#'/!)0!:*$::'1$4#'/!$%!5('($4$!3/0(234#7%0>!>>>>>>>>>>>>>>>>>>>>>>>>!uw!A#2%(0!Gx!Q!C64(0,$!)0.!3,#..#'/.!)0!YC"!FBKYM!5'%(!:0.!(3.%:4$4.!)0!:$!:#443($4%(0!V?\!1'/10(/$/4!:0.!8#'1$(8%($/4.!YG!04!Yt!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!wp!A#2%(0!Go!Q!Z',8(0!1%,%:3!)f34%)0.!04!)f'8.0(-$4#'/.!5$(!$//30!)0!5%8:#1$4#'/!>>>>>>>>>>>>!pr!A#2%(0!GG!Q!I#.50(.#'/!)0.!(3.%:4$4.!)0.!3,#..#'/.!)0!YC"!)0.!V?\!#/1:%.!)$/.!:$!8$.0!)0!)'//30.!5'%(!:0.!)#OO3(0/4.!4T50.!)0!8#'1$(8%($/4.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pu!
!!r!
A#2%(0!Gt!Q!!I#.50(.#'/!)0.!(3.%:4$4.!)0.!3,#..#'/.!)0!YC"!)0.!V?\!#/1:%.0.!)$/.!:$!8$.0!)0!)'//30.!5'%(! :0.!8#'1$(8%($/4.!YG!04!5'%(! :0.!)#OO3(0/40.!.#4%$4#'/.!23'2($5+#7%0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pq!A#2%(0!Gr!Q!I#.50(.#'/!)0.!(3.%:4$4.!)0.!3,#..#'/.!)0!YC"!)0.!V?\!#/1:%.0.!)$/.!:$!8$.0!)0!)'//30.!5'%(! :0.!8#'1$(8%($/4.!Yt!04!5'%(! :0.!)#OO3(0/40.!.#4%$4#'/.!23'2($5+#7%0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pp!A#2%(0! Gu! H! \$:0%(.! 5(3)#40.! 04! 1'::01430.! )0! :f%//%'39",:%! 5'%(! :0! ,34$Q,')=:0! Fo$M!)#.4#/2%30.!5$(!:0%(!.#4%$4#'/!23'2($5+#7%0>!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGr!A#2%(0!Gw!Q!\$:0%(.!5(3)#40.!)0! :*%//%'39",:%!5'%(! :f0/.0,8:0!)0! :f31+$/4#::'/!1$:1%:30.!9!5$(4#(!)%!,34$Q,')=:0!o$V::!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGw!A#2%(0! Gv! Q! @/O:%0/10! )0! :$! 40/0%(! 0/! +%#:0! )0.! -$:0%(.! 5(3)#40.! )0! :*%//%'39",:%! ! 5'%(!:f31+$/4#::'/!Yt!F,34$Q,')=:0!o$YtM!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGv!A#2%(0!Gq!Q!@/O:%0/10!)0!:$!5(')%14#-#43!)0.!$:2%0.!.%(!:0.!-$:0%(.!5(3)#40.!)0!:*%//%'39",:%!5'%(!:f31+$/4#::'/!Yt!F,34$Q,')=:0!o$YtM!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGq!A#2%(0! Gp! Q! @/O:%0/10! )%! (0/)0,0/4! ,$..#7%0! .%(! :0.! -$:0%(.! 5(3)#40.! )0! :*%//%'39",:%!5'%(!:f31+$/4#::'/!)f34+$/':!F,34$Q,')=:0!o$C4+$M!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGp!A#2%(0! tx! Q! @/O:%0/10! )%! (0/)0,0/4! ,$..#7%0! .%(! :0.! -$:0%(.! 5(3)#40.! )0! :*%//%'39",:%!5'%(!:f31+$/4#::'/!EJL!F,34$Q,')=:0!o$EJLM!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGp!A#2%(0!to!H!_4$50.!.#,5:#O#30.!)0!:$!5(')%14#'/!$%4'4+0(,#7%0!)0!EJL!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orr!A#2%(0!tG!H!"4(%14%(0!.#,5:#O#30!)%!,')=:0!D@KCJ!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orq!A#2%(0!tt!H!$M!C60,5:0!)0!1'%(80!)f'OO(0!#,5:#1#40,0/4!34$8:#0!$-01!J@DC"U!8M!COO04!)0!:f#/4(')%14#'/!)f%/0!401+/':'2#0!1',534#4#-0!FJr8MU!1M!COO04!)0!:f%.$20!'8:#2$4'#(0!)f%/0!401+/':'2#0!FJwM!)$/.!:0!$,;!401+/':'2#7%0>!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ouo!A#2%(0!tr!H!COO04!)0! :f#/4(')%14#'/!)0! O$140%(.!)0!1$($143(#.$4#'/!0/! O'/14#'/!)%!40,5.!5'%(!:0.!YC"!5(#.!0/!1',540!)$/.!:0!BKY>!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ouq!A#2%(0!tu!H!BKY!$//%0:!5'%(!:0.!.13/$(#'.!KCACKCZ?C!04!BkL@?c!$-01!04!.$/.!%/#43!)0!5(')%14#'/!)0!EJL!Foxx!b4|$/M!#/.4$::30!0/!GxGx!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owt!A#2%(0!tw!H!BKY!$..'1#3!9!:$!)31#.#'/!)0!5(')%#(0!)%!EJL!5'%(!:0.!.13/$(#'.!KCACKCZ?C!04!BkL@?c!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owr!A#2%(0!tv!H!?'/4(#8%4#'/!5'%(! :0!BKY! 4'4$:!)0.! 401+/':'2#0.!$OO01430.!)$/.! :0! .13/$(#'!KCACKCZ?C!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owu!A#2%(0!tq! Q!?'/4(#8%4#'/!5'%(! :0!BKY! 4'4$:!)0.! 401+/':'2#0.! $OO01430.!)$/.! :0! .13/$(#'!BkL@?c!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oww!A#2%(0!tp!Q!?'/4(#8%4#'/!5'%(!:0!BKY!4'4$:!)0!1+$7%0!.0140%(!)%!.T.4=,0!,')3:#.3!>>>>>!owv!A#2%(0!rx!H!COO04.!)%!(0,5:$10,0/4!)0.!401+/':'2#0.!)0!5(')%14#'/!)f3:014(#1#43!)$/.!:0!.13/$(#'!KCACKCZ?C!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!owq!
!! u!




!J$8:0$%! o! H! C60,5:0.! )0.! 1'/.37%0/10.! )0! :*$14#'/! $/4+('5#7%0! )05%#.! :0! )38%4! )0!:*#/)%.4(#$:#.$4#'/!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!ov!J$8:0$%!G!H!C60,5:0.!)0!1',5'.#4#'/!)0!)#OO3(0/4.!4T50.!)0!8#',$..0!:#2/'10::%:'.#7%0!!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!tp!J$8:0$%!t!H!L#.40!)0.!1$432'(#0.!04!.'%.Q1$432'(#0.!)0!-$(#$8:0.!#/1:%.0.!)$/.!:$!8$.0!)0!)'//30.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!qv!J$8:0$%!r!Q!L#.40!)0.!34%)0.!.3:014#'//30.!5'%(!:$!,34$Q$/$:T.0!$-01!%/0!)0.1(#54#'/!)0!10(4$#/0.!)0!:0%(.!1$($143(#.4#7%0.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pG!J$8:0$%! u! H! I0.1(#54#'/! .4$4#.4#7%0! )0.! (3.%:4$4.! )0.! 3,#..#'/.! )0! YC"! #/1:%.! )$/.! :$!8$.0! )0! )'//30.! 5'%(! :0.! )#OO3(0/4.! 4T50.! )0! 8#'1$(8%($/4.! 04! 5'%(! :0.! )#OO3(0/40.!.#4%$4#'/.!23'2($5+#7%0.!)0.!$%40%(.!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!pv!J$8:0$%! w! H! K3.%:4$4.! )0! :f$/$:T.0! )0! ,34$Q(32(0..#'/! 5'%(! :0.! 31+$/4#::'/.!31'/',34(#7%0.!1',5:04.!04!:0.!8#'1$(8%($/4.!YG!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oxq!J$8:0$%! v! Q! K3.%:4$4.! )0! :f$/$:T.0! )0! ,34$Q(32(0..#'/! 5'%(! :0.! 31+$/4#::'/.!31'/',34(#7%0.!)0!8#'1$(8%($/4.!34+$/':QYG!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oor!J$8:0$%! q! Q! K3.%:4$4.! )0! :f$/$:T.0! )0! ,34$Q(32(0..#'/! 5'%(! :0.! 31+$/4#::'/.!31'/',34(#7%0.!)0.!8#'1$(8%($/4.!YGQEJL!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oov!J$8:0$%! p! Q! K3.%:4$4.! )0! :f$/$:T.0! )0! ,34$Q(32(0..#'/! 5'%(! :0.! 31+$/4#::'/.!31'/',34(#7%0.!)0!8#'1$(8%($/4.!Yt!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGo!J$8:0$%!ox!Q!?$($143(#.4#7%0.!)0.!-$:0%(.!1'::01430.!04!5(3)#40.!)0! :f%//%'39",:%! F-$:0%(.!5(3)#40.!1$:1%:30.!9!5$(4#(!)0!,34$Q,')=:0.!Fo$MM!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGt!J$8:0$%!oo!H!J($/.O0(4!)0!83/3O#10.!5'%(!:*31+$/4#::'/!y!<()*%!{!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!oGu!J$8:0$%! oG! H! @/O'(,$4#'/.! %4#:#.30.! 5'%(! :$! 5(')%14#'/! )f%/! b2! )0! EJL! 0/! ,')0!$%4'4+0(,#7%0!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orw!J$8:0$%! ot! H! B(#/1#5$:0.! .'%(10.! )f#/O'(,$4#'/! 5'%(! :0.! )'//30.! #/432(30.! )$/.! :0!,')=:0!!>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>!orq!J$8:0$%!or!H!I#OO3(0/40.!1'/O#2%($4#'/.!)0.!5('13)3.!)0!:*$/$:T.0!)0!.0/.#8#:#43!>>>>>>>>>>>!ovp!! !
!! v!
(9C?5<!5;!=>7FG9=;9H:<!
!V?\!H!V/$:T.0!)0!1T1:0!)0!-#0!!V?\QV!H!V/$:T.0!)0!1T1:0!)0!-#0!$44(#8%4#'//0::0!!V?\Q?!H!V/$:T.0!)0!1T1:0!)0!-#0!1'/.37%0/4#0::0!!V@?!H!?(#4=(0!)*#/O'(,$4#'/!)*Vb$#b0!!V@C!H!V20/10!@/40(/$4#'/$:0!)0!:*_/0(2#0!F=03%&0.3,)0.*!>0%&7?!@7%0'?M!!E@?!H!?(#4=(0!)*#/O'(,$4#'/!E$T3.#0/!)0!"1+z$(4W!!EJL!H!A,)$.""!3)!*,2#,4"!F)#0.0:!.T/4+34#7%0!5(')%#4!9!5$(4#(!)0!:$!8#',$..0M!!?V"!H!?+$/20,0/4!)*$OO014$4#'/!)0!.':.!!?B";!ZB";!rux"!H!"13/$(#'.!5('.5014#O.!.%(!:f3/0(2#0!,'/)#$:0!)0!:*V20/10!@/40(/$4#'/$:0!)0! :*_/0(2#0! FB#&&%03! C)*,',%"! D'%0.&,)E! F%<! C)*,',%"! D'%0.&,)! 04! GHI! D'%0.&,)!(0.5014#-0,0/4M!!CDS\! H! C.4+0(! ,04+T:#7%0! )*+%#:0! -3234$:0! F%4#:#.3! $%..#! 5'%(! )0.#2/0(! :0.!8#'1$(8%($/4.!5(')%#4.!9!5$(4#(!)0!:*0.43(#O#1$4#'/!)*+%#:0!$:2$:0M!!A^I!H!"531#O#1$4#'/.!5'%(! :*0..0/10!04!1$(8%($/4.!5'%(! :0.!,'40%(.!)#0.0:!)0.4#/3.!$%6!$55:#1$4#'/.!,'8#:0.!('%4#=(0.!04!/'/!('%4#=(0.!FGxxp|tx|C?!H!J#%*!K#.*,3?!L,&%'3,1%M!!AJ!H!A#.1+0(QJ('5.1+!!Yo;! YG;! Yt! H! B(0,#=(0;! )0%6#=,0! 04! 4('.#=,0! 23/3($4#'/.! (0.5014#-0,0/4>! V1('/T,0.!%4#:#.3.! 5'%(! )0.#2/0(! :0! )02(3! )0! ,$4%(#43! )0.! 401+/':'2#0.! )0! 5(')%14#'/! )0!8#'1$(8%($/4.!!YC"!H!Y$W!9!0OO04!)0!.0((0!!Y@C?! H! Y('%50! )*0650(4.! #/40(2'%-0/0(,0/4$:! .%(! :*3-':%4#'/! )%! 1:#,$4!F=03%&7)1%&0$%03.*!C.0%*!)0!B*,$.3%!B(.07%M!!S??D!H!D$4(#10!)0!1'-$(#$/10!('8%.40!9!:f+343('.13)$.4#1#43!)0!m+#40!!S\k!H!S%#:0!-3234$:0!+T2('23/30!F%4#:#.3!$%..#!5'%(!)0.#2/0(!:0.!8#'1$(8%($/4.!5(')%#4.!9!5$(4#(!)0!:*+T)('23/$4#'/!)*+%#:0!$:2$:0M!!@ABCZ!H!@AB!C/0(2#0.!/'%-0::0.!!@L?I!H!I'1%,0/4!(3O3(0/10!0/!C%('50!1'/40/$/4!)0.!(01',,$/)$4#'/.!5'%(!:$!1'/)%#40!)*%/0!$/$:T.0!)0!1T1:0!)0!-#0!!
!!q!




1:;7H@D8;9H:!CF:F7=?5!!!I$/.! %/! 1'/40640! )0! +$%..0! )0.! 5(#6! )%! 534(':0! 04! )f#/7%#34%)0.! 9! :f32$()! )%!(31+$%OO0,0/4!1:#,$4#7%0!04!)0!:$!.31%(#43!3/0(234#7%0;!)0.!1$(8%($/4.!$:40(/$4#O.!5'%(!:0! 4($/.5'(4! .'/4! 0/! 1'%(.! )f3:$8'($4#'/! 04! :0.! 8#'1$(8%($/4.! 1'/.4#4%0/4! :f%/0! )0.!.':%4#'/.!)0!(0,5:$10,0/4!0/-#.$230.>!L0.!8#'1$(8%($/4.!5(')%#4.!9!5$(4#(!)0!8#',$..0!:#2/'10::%:'.#7%0!F)0%6#=,0!23/3($4#'/M!'%!)0!,#1('$:2%0.!F4('#.#=,0!23/3($4#'/M!.'/4!$440/)%.! 9! ,'T0/|:'/2! 40(,0! 5'%(! 1',5:340(|.%8.4#4%0(! :*'OO(0! )0! 8#'1$(8%($/4.!1'/-0/4#'//0:.! F1f0.4Q9Q)#(0! :0.! 8#'1$(8%($/4.! )0! 5(0,#=(0! 23/3($4#'/! 23/3($:0,0/4!5(')%#4.! $%&'%()f+%#! 9! :f31+0::0! 1',,0(1#$:0! 9! 5$(4#(! )0! 1%:4%(0.! -#-(#=(0.M>! ?0.!8#'1$(8%($/4.! )#4.! .1.0'5"! .'/4! $14%0::0,0/4! 0/! 5+$.0! )0! (01+0(1+0! 04! )0!)3-0:'550,0/4;!0/!5+$.0Q5#:'40!'%!)0!)3,'/.4($4#'/>!!?0440! 4+=.0! .*#/.1(#4! )$/.! :0! 1$)(0! )0! )3-0:'550,0/4.! ,34+')':'2#7%0.! 5'%(!:f3-$:%$4#'/! 0/-#('//0,0/4$:0! )0! 10.! 5(')%#4.>! Z'%.! 1'/10/4('/.! /'4(0! 4($-$#:! 5:%.!.531#O#7%0,0/4! .%(! :*0.4#,$4#'/! )0! :*#,5$14! )0.! 8#'1$(8%($/4.! .%(! :0! (31+$%OO0,0/4!1:#,$4#7%0>!B'%(!10!4T50!)*3-$:%$4#'/;!#:!O$%4!.0!5:$10(!)$/.!%/0!50(.5014#-0!2:'8$:0!$O#/!)f#/432(0(! 4'%40.! :0.! $14#-#43.! #,5:#1#40.! 9! :*064($14#'/! )0! ,$4#=(0.! 5(0,#=(0.;! :$!5(')%14#'/;! :$! )#.4(#8%4#'/! 04! :$! 1'/.',,$4#'/! )%! 8#'1$(8%($/4>! C/! ($#.'/! )0! .'/!1$($14=(0!06+$%.4#O;! :f$/$:T.0!)0!1T1:0!)0!-#0!FV?\M;!$55:#7%30!)$/.!%/!1$)(0!)3O#/#!5$(!:0.! /'(,0.! F@"k! orxrx;! GxxwU! @"k! orxrr;! GxxwM;! 0.4! 1'/.#)3(30! $%&'%()f+%#! 1',,0!:f#/.4(%,0/4! :0! 5:%.! $)$543! 9! 10! 4T50! )f34%)0! F?+0(%8#/#! $/)! "4(},,$/;! GxooM! 04!1',,0/10!9!a4(0!%4#:#.30!)$/.! :0!1$)(0! :32#.:$4#O!)$/.! :0!)',$#/0!)0! :*3/0(2#0>!LfN/#'/!C%('530//0! FNCM! 04! :0.!C4$4.QN/#.;! )$/.! :0%(.! 40640.! :32#.:$4#O.! 0/! O$-0%(!)0.! 3/0(2#0.!(0/'%-0:$8:0.;! '/4! 34$8:#! %/0! :#.40! )f
!!ox!
3,#..#'/.!2:'8$:0.!)0!YC"! F@B??;!GxoGM>! L0.!)31#)0%(.!5%8:#1.!'/4!80.'#/!)0! (3.%:4$4.!)*3-$:%$4#'/! 5'%(! 1'/O#(,0(! '%! /'/! :$! -$:#)#43! )0! 10.! $440/40.>! I=.! :'(.;! )#OO3(0/40.!7%0.4#'/.!.0!5'.0/4!g!Q C6#.40Q4Q#:! %/! 1'/.0/.%.! .1#0/4#O#7%0! .%(! :0.! (3.%:4$4.! )0! :*$55:#1$4#'/! )0! :*V?\!5'%(! :*3-$:%$4#'/! 0/-#('//0,0/4$:0;! 5$(4#1%:#=(0,0/4! .%(! :0! 5'%-'#(! )0!(31+$%OO0,0/4! 1:#,$4#7%0;! )0.! 8#'1$(8%($/4.!d! L0.! (0-%0.! 8#8:#'2($5+#7%0.! .%(!:0.! V?\! )0.! 8#'1$(8%($/4.! #/)#7%0/4! %/0! 2($/)0! -$(#$8#:#43! )0.! (3.%:4$4.! )0!(3)%14#'/!)*3,#..#'/!)0!YC"!5'%(!%/0!,a,0!O#:#=(0!FD0/#1+044#!$/)!k44';!GxxqU!?+0(%8#/#! 04! $:>;! GxxpU! Y/$/.'%/'%! 04! $:>;! GxxpM>! @:! .*$-=(0! )'/1! /310..$#(0! )0!)340(,#/0(! :0.! 1$%.0.! )0! 10440! -$(#$8#:#43! 04! )*#)0/4#O#0(! %/! #/40(-$::0! ! )0!1'/O#$/10!5'%(!10.!(3.%:4$4.>!Q C.4Q10! 7%0! :*V?\! 0.4! $)$5430! 5'%(! :*0.4#,$4#'/! )*#,5$14.! 0/-#('//0,0/4$%6!5'40/4#0:.!$..'1#3.!$%6!1'/.37%0/10.!)%!)3-0:'550,0/4!)0.!401+/':'2#0.!O%4%(0.!)0! 5(')%14#'/! )0! 8#'1$(8%($/4.!d! L*V?\;! 40::0! 7%*$55:#7%30! $%&'%()*+%#! 0/1'(0!)$/.! :$! 5:%5$(4! )0! 1$.;! %4#:#.0! )0.! ,')=:0.! .#,5:0.;! .4$4#7%0.! 04! :#/3$#(0.!FI0:%11+#;! GxoxM>! ?0.! ,')=:0.! 1:$..#7%0.! .*#/43(0..0/4! 9! %/! 504#4! /',8(0! )0!5+3/',=/0.!5+T.#7%0,0/4! (0:#3.! 04! .0!,'/4(0/4!%4#:0.!5'%(! :*$#)0!9!)31#.#'/!9!%/0! 31+0::0! (3)%#40! F5$(! 060,5:0;! 5'%(! :*#)0/4#O#1$4#'/! )0.! 34$50.! :0.! 5:%.!5'::%$/40.! )*%/! 5('13)3M>! k(;! :$! 5(')%14#'/! )0! 8#'1$(8%($/4.! $-$/13.! 9! 2($/)0!31+0::0! $%($! )0.! #/40($14#'/.! $-01! )#OO3(0/4.! .0140%(.! F3/0(234#7%0;! $2(#1':0;!4($/.5'(4.;! 041>M! 1$($143(#.3.!5$(! :0%(! 1',5:06#43o>!I%!5'#/4!)0!-%0!)%!)31#)0%(!5%8:#1!F3-$:%$4#'/!0/-#('//0,0/4$:0!9!:*31+0::0!)*%/!.0140%(!|!5$T.!|!1'/4#/0/4!|!,'/)0M;! #:!.*$-=(0!/310..$#(0!)*3:$(2#(! :0!1$)(0!4($#43!5$(! :0.!,')=:0.!1:$..#7%0.!7%#! '/4! )%! ,$:! 9! (0/)(0! 1',540! )0! :*0/.0,8:0! )0.! #/40($14#'/.;! .'%-0/4! /'/Q:#/3$#(0.;!0/4(0!:0.!.'%.Q.T.4=,0.!$OO0143.>!!! !! Z'%.! $55'(4'/.! )0.! 3:3,0/4.! )0! (35'/.0! $%6! 7%0.4#'/.! 5'.30.! 1#Q)0..%.! 5$(!
?.=<<H89=;9H:! 9::HG=:;5! @5! 8H6IF;5:85<! I7HG5:=:;! @5! ?.F8H:H6F;795! 5;! @5!
?.F8H:H695!=G58!?.),%>!?0!)'1%,0/4!0.4!)#-#.3!0/!4('#.!5$(4#0.>!L$!B$(4#0!@!F?+$5#4(0.!o!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!o! L0.! .T.4=,0.! 1',5:060.! .0! 1$($143(#.0/4! 5$(! %/! 2($/)! /',8(0! )f3:3,0/4.! 7%#! #/40($2#..0/4!(31#5('7%0,0/4! 04! 50%-0/4! .f$)$540(! $%6! 1+$/20,0/4.! )0! :f0/-#('//0,0/4>! K$(0,0/4! :#/3$#(0.;! 10.!#/40($14#'/.!$%!1~%(!)0! :f$)$54$8#:#43!)%!.T.4=,0!.f$11',5$2/0/4!)0! :f$55$(#4#'/!)0!/'%-0$%6!34$4.!7%#!/0!.'/4!5$.!:$!.#,5:0!1'/&%2$#.'/!)0!:f34$4!)0!1+$7%0!3:3,0/4!1'/.4#4%4#O!)%!.T.4=,0!FV,$($:!$/)!k44#/';!GxxrM>!
!! oo!
04!GM! 0.4!)3)#30!9! :*065'.#4#'/!)0.!/'4#'/.!0..0/4#0::0.! 9! 1'//$X4(0! $-$/4!)*$8'()0(! :0.!$.5014.! 5($4#7%0.!)0! 10! 4($-$#:>! L0!?+$5#4(0! o! 0.4! 1'/.$1(3! $%! 1'/40640!)0! 10440! 4+=.0>!I$/.!%/!5(0,#0(!40,5.;!/'%.!5(3.0/4'/.!:0!(g!Q L$! B$(4#0! @@! 1'/.#.40! 0/! %/0! (0-%0! 8#8:#'2($5+#7%0! )0.! V?\! $55:#7%30.! $%6!8#'1$(8%($/4.! $-$/13.! 1'/)%#40! 0/! .%#-$/4! )0.! 6F;JH@5<! F8H:H6F;79KD5<!'(#2#/$:0.! )$/.! :0! )',$#/0! )0! :*V?\!gt>! L0.! (3.%:4$4.!)0! :$!,34$Q$/$:T.0! 04! :0.! 0/.0#2/0,0/4.! )0! 10! 4($-$#:! .'/4! 5(3.0/43.! )$/.! :0! ?+$5#4(0! r>!Lf#/)#1$40%(! )f#,5$14! ,'T0/! .%(! :0! (31+$%OO0,0/4! 1:#,$4#7%0;! 065(#,3! 0/!2($,,0.! )0! ?ku;! 1',,0/4!%/!,')=:0!)0!5('.5014#-0!3/0(234#7%0!50%4!a4(0!$)$543!5'%(!:$!(3$:#.$4#'/!)*%/0!V?\!9!:*31+0::0!)*%/!.0140%(>!?0!4($-$#:!0.4!5(#/1#5$:0,0/4!$63!.%(!:*#/432($4#'/!)0!6F8=:9<65<!
F8H:H69KD5<!)$/.!:0.!5(#/1#50.!)*3-$:%$4#'/!)*#,5$14!0/-#('//0,0/4$:>!I$/.!:0!
!!oG!

















!! Ä!:$!O#/!)%!l\@@@=,0!.#=1:0;!:*+',,0!,$X4(#.0!:$!401+/#7%0!)0!1'/-0(.#'/!)*3/0(2#0!4+0(,#7%0! 0/! 3/0(2#0! ,31$/#7%0! 04! :*Å(0! @/)%.4(#0::0! 1',,0/10>! ?*0.4! :0! )38%4! )0!:*V/4+('5'1=/0;! 53(#')0! 'Ç! :*#/O:%0/10! )0! :*+',,0! .%(! :$! 5:$/=40! 0.4! 5(3)',#/$/40!F?(%4W0/;!GxoxM>!L0! 40(,0!V/4+('5'1=/0!$!343!.%223(3!5'%(!,044(0!0/!3-#)0/10! :0! O$#4!7%0! :0.! $14#'/.! $/4+('5#7%0.! '/4! )0.! 1'/.37%0/10.! #,5'(4$/40.;! 5$(O'#.! #((3-0(.#8:0.;!.%(! :*0/-#('//0,0/4!(0:$4#-0,0/4!.4$8:0!)0! :*S':'1=/0G;!35'7%0!23':'2#7%0!5(313)0/40!7%#!$!)%(30!0/-#('/!ooxxx!$/.!FB04#4!04!$:>;!opppM>!! N/!)0.!5(0,#0(.!($55'(4.!)0!(01+0(1+0!9!.'%:0-0(! :0!5('8:=,0!$!343!(3)#23!5$(!%/0!37%#50!)0!1+0(1+0%(.!)%!X."".'(#""%3"!=0"3,3#3%!)/!R%'(0)*)7?!FD@JM!9!:$!)0,$/)0!)%!?:%8!)0!K',0!FD0$)'z.!04!$:>;!opvGM>!@:.!'/4!,')3:#.3!:*3-':%4#'/!)0!:*+%,$/#43!0/4(0!:0.!$//30.!opxx!04!Goxxxxx! 04! Goxx! $#/.#! 7%*9! %/0! )32($)$4#'/! )0.! 1'/)#4#'/.! )0! -#0! F%/! 060,5:0! )0!.#,%:$4#'/!0.4!5(3.0/43!)$/.! :$!A#2%(0!oM>!D$:2(3!10.! (3.%:4$4.!$..0W!5(3'11%5$/4.;! :0.!$%40%(.!)0!10440!34%)0!1'/1:%0/4!7%*#:!0.4!5'..#8:0!)*$443/%0(!10.!1+$/20,0/4.!2(<10!$%6!1+'#6!)0!)3-0:'550,0/4!7%0!/'%.!O$#.'/.>!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!G! L0! O'($20! 04! :*$/$:T.0! )0! 1$('440.! 2:$1#$#(0.! 50(,0440/4! :$! (01'/.4#4%4#'/! +#.4'(#7%0;! .%(! )0.!,#::#0(.! )*$//30.;! )0! :$! 1',5'.#4#'/! $4,'.5+3(#7%0! 04! )%! 1:#,$4! 40((0.4(0>! Z'%.! .$-'/.!$%&'%()*+%#! 7%0! :0.! 40,53($4%(0.;! :$! )#.5'/#8#:#43! )*0$%!)'%10! 04! :0.! O:%6!8#'23'1+#,#7%0.!'/4!4(=.!50%!-$(#3!9!10440!35'7%0>!!
!!ow!
!
O9CD75!N!L!+F<D?;=;!@5!<96D?=;9H:!@D!P!+=IIH7;!25=@HQ<!R!S(HD785!T!#$%&'M!UVWXNWNYZU[!!! B:%.! (310,,0/4;! %/0! 34%)0! 5%8:#30! )$/.! F.3#&%;! 1',5$(0! :0.! 1+$/20,0/4.!'8.0(-3.!$%&'%()*+%#! .%(! :0! .T.4=,0! 40((0.4(0!$-01! :0.! 4($/.#4#'/.!1(#4#7%0.t!9! :*31+0::0!2:'8$:0!.%(-0/%0.!)$/.!:*+#.4'#(0!)0!:$!5:$/=40!FE$(/'.bT!04!$:>;!GxoGM>!L0%(!1'/1:%.#'/!0.4! 7%*%/0! /'%-0::0! 4($/.#4#'/! 1(#4#7%0! .*$55('1+0! '%! $! )3&9! 1',,0/13! 0/! ($#.'/! )0!:*340/)%0! )0.! $14#'/.! +%,$#/0.! 04! 7%0! :*31+0::0! )0! 40,5.! )0.! 1+$/20,0/4.! 0/! 1'%(.!$%&'%()*+%#!0.4!/0440,0/4!#/O3(#0%(0!$%6!31+0::0.!)0!40,5.!)0.!1+$/20,0/4.!)%!5$..3>!^%0:7%0.! 060,5:0.! )0! :$!,$/#=(0! )'/4! :*$14#-#43! $/4+('5#7%0! $OO0140! :0.! 5('10..%.! )%!.T.4=,0!40((0.4(0!.'/4!(3.%,3.!)$/.!:0!J$8:0$%!o!F$)$543!)0!K'1b.4(É,!04!$:>;!GxxpM>!C/!'8.0(-$/4! :$! /$4%(0! )0.!,31$/#.,0.! #,5$143.;! /'%.! 1'/.4$4'/.! 7%0! :0%(.! 5(#/1#5$:0.!1$%.0.!.'/4!/'4(0!)350/)$/10!$%6!(0..'%(10.! O'..#:0.!F5'%(! :$!5(')%14#'/!)*3/0(2#0!04!)0.!.0(-#10.!3/0(234#7%0.M!04!:0.!O'(,0.!#/)%.4(#0::0.!)*$2(#1%:4%(0!F5'%(!$:#,0/40(!%/0!5'5%:$4#'/!7%#!0.4!5$..3!)*0/-#('/!o!,#::#$()!$%!)38%4!)0!:$!K3-':%4#'/!@/)%.4(#0::0!9!v!,#::#$().! 0/!GxooM>! L0! 1+$/20,0/4! 1:#,$4#7%0!)Ñ!$%6! 3,#..#'/.! $/4+('5#7%0.!)0!YC";!/'4$,,0/4!)0!)#'6T)0!)0!1$(8'/0!F?kGM;!0.4!1#43!)$/.!10440!34%)0!1',,0!%/!5('8:=,0!10/4($:!$%7%0:!/'%.!)0-'/.!O$#(0!O$10>!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!t!J($/.#4#'/.!1(#4#7%0.! .'/4! :0.!,')#O#1$4#'/.! ($5#)0.!)*%/!34$4!06#.4$/4!9!%/!34$4! ($)#1$:0,0/4!)#OO3(0/4! (3.%:4$/4! /'4$,,0/4! 0/! 2($/).! 1+$/20,0/4.! )0!8#')#-0(.#43>! L0! 1+$/20,0/4! :0! 5:%.!(310/4;! %/! )0.! 5:%.! ($5#)0.;! 0.4! :$! 4($/.#4#'/! )0! :$! 53(#')0! 2:$1#$#(0! 9! :*=(0! #/40(2:$1#$#(0! )$/.!:$7%0::0!/'%.!/'%.!(04('%-'/.!)05%#.!ooxxx!$/.>!L$!)0(/#=(0!2:$1#$4#'/!$!)%(3!0/-#('/!oxxxxx!$/.!04;!0/!.0%:0,0/4!ttxx!$/.;!0/!($#.'/!)0.!1+$/20,0/4.!)*$14#-#43!.':$#(0;!:0.!1'/)#4#'/.!5:%.!1+$%)0.!'/4!343!$440#/40.>!!
!! ov!
0=>?5=D! N! L! &E56I?5<! @5<! 8H:<FKD5:85<! @5! ?.=8;9H:! =:;J7HI9KD5! @5ID9<! ?5! @F>D;! @5!
?.9:@D<;79=?9<=;9H:!F$)$543!)0!K'1b.4(É,!04!$:>;!GxxpM!
C&)'%""#"!4#!"?"3[$%!
3%&&%"3&%! \0,35"!4%!$%"#&%! D3.3#3!.'3#%*!YWIIVZ! D3.3#3!-&5,04#"3&,%*!?+$/20,0/4!1:#,$4#7%0! ?'/10/4($4#'/!)0!?kG!F55,!H!-':%,0M!! tqv! Gqx!B0(40!)0!8#')#-0(.#43! J$%6! )*064#/14#'/! F/',8(0! )*0.5=10.! |!,#::#'/!)*0.5=10.!|!$/M! Öoxx! x>oQo!?T1:0!)0!:*$W'40! ^%$/4#43!)0!ZG!1$54%(3!)0!:*$4,'.5+=(0!5'%(!:*%4#:#.$4#'/!+%,$#/0!F,#::#'/!)0!4!|!$/M!! oGo! x!?T1:0!)%!5+'.5+'(0! ^%$/4#43!)0!B!.*31'%:$/4!)$/.!:*'13$/!F,#::#'/!)0!4!|!$/M! q>uQp>u! o!I0.4(%14#'/! )0! :*'W'/0!.4($4'.5+3(#7%0! ?'/10/4($4#'/!)*'W'/0!F%/#43!I'8.'/M! Gqt! Gpx!V1#)#O#1$4#'/!)0!:*'13$/! "$4%($4#'/! )$/.! :*0$%! )0! ,0(! )0! .%(O$10! )0!:*$($2'/#40!! G>px! t>rr!N4#:#.$4#'/!)*0$%!)'%10! ?'/.',,$4#'/! )*0$%! )'%10! 5$(! :*+',,0!Fb,t!|!$/M! Gwxx! rou!?+$/20,0/4!)*%.$20!)0!.':! Ü!)0!40((0.!9!%.$20!$2(#1':0! oo>v! E$.!!! I$/.!10!1'/40640;!:0!(:0!)0.!.1#0/4#O#7%0.!0.4!)*#/O'(,0(!:*0/.0,8:0!)0!:$!.'1#343!5'%(! %/0! ,0#::0%(0! 1',5(3+0/.#'/! )0.! 5('8:=,0.! $14%0:.! 04! 5'%(! 7%0! )0.! )31#.#'/.!$)37%$40.! .'#0/4! 5(#.0.>! L$! .'1#343! 5(0/)! )0! 5:%.! 0/! 5:%.! 1'/.1#0/10! )0! :$! .#4%$4#'/rxooM>! L0.! 5'%-'#(.! 5%8:#1.! 50%-0/4;! 32$:0,0/4;!O$-'(#.0(! :*#//'-$4#'/! 401+/':'2#7%0! 5'%(! (3)%#(0! :0.! 0640(/$:#43.! )0! /'.! $14#-#43.!F"z$/.'/! $/)! á#020:+ÉO0(;! GxooM>! ?0:$! 50%4! a4(0! (3$:#.3! 5$(! :0! O#/$/10,0/4! )0!5('2($,,0.!)0!(01+0(1+0!04!)3-0:'550,0/4!FKàIM!04!:0.!.%8-0/4#'/.!$%6!401+/':'2#0.!5('5(0.!$#/.#!7%0!:*#,5'.#4#'/!)0!/'(,0.!)0!7%$:#43!(0.4(#14#-0.>!I$/.!:0!)',$#/0!)0!:$!5(')%14#'/! )*3/0(2#0! F'%! 5:%.! 5(31#.3,0/4! )0! -0140%(.! )*3/0(2#0!g! 3:014(#1#43;! 1+$:0%(;!1$(8%($/4.! :#7%#)0.;! 041>M;! :0! 5('2(=.! 401+/':'2#7%0! 0.4! (05(3.0/43! /'4$,,0/4! 5$(! :$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!r!B:%.#0%(.!3-=/0,0/4.!(310/4.!0/!43,'#2/0/4!1',,0;!5$(!060,5:0;! :0.!(3$14#'/.!5'5%:$#(0.!04!)0.! 2'%-0(/0,0/4.! .%#40! $%6! O%#40.! :'(.! )0! :*065:'.#'/! )0! :$! 5:$40QO'(,0! 534(':#=(0! )0! EB!
L%%-<.3%&!])&,:)0!^!9!:$!1$4$.4('5+0!/%1:3$#(0!9!A%b%.+#,$!U!$%!5('&04!)0!8$(($20!)0!E0:'!D'/40!0/!V,$W'/#0!5'%(!:$!5(')%14#'/!)*3/0(2#0!+T)('3:014(#7%0;!041>!!
!!oq!
)#,#/%4#'/!)0!:$!1'/.',,$4#'/!)0!(0..'%(10.!/'/Q(0/'%-0:$8:0.>!?0:$!50%4!a4(0!#::%.4(3!5$(! :*$,3:#'($4#'/! )%! (0/)0,0/4! )0.! 401+/':'2#0.! 06#.4$/40.! '%! 5$(! :*%4#:#.$4#'/! )0!/'%-0::0.! 401+/':'2#0.!8$.30.!.%(! :0.!.'%(10.!(0/'%-0:$8:0.!)*3/0(2#0!5(#,$#(0! F.':0#:;!-0/4;!23'4+0(,#0;!8#',$..0;!041>M>!! I$/.!10!1$)(0;!10440!4+=.0!$55$($X4!1',,0!%/0!1'/4(#8%4#'/!$%6!)3-0:'550,0/4.!,34+')':'2#7%0.!5'%(!:*0.4#,$4#'/!)*#,5$14.!0/-#('//0,0/4$%6!:#3.!9!:*#/4(')%14#'/!)0!/'%-0::0.! 401+/':'2#0.!)0!5(')%14#'/!)*3/0(2#0>! L*0.4#,$4#'/!y!5('.5014#-0!{âD3.N,*,:.3,)0!O%47%"!_! D)*1,07! 3(%! B*,$.3%! C&)N*%$! /)&! 3(%! F%;3! HI!
`%.&"! <,3(! B#&&%03! R%'(0)*)7,%"S! FB$1$:$! $/)! "'1':'z;! GxxrM! 04! :0! )0(/#0(! ($55'(4!.531#$:! )%! Y@C?u;! âM%0%<.N*%! >0%&7?! D)#&'%"! .04! B*,$.3%! B(.07%! X,3,7.3,)0S! F@B??;!GxoGM8!!! L$!.014#'/!o>o!)0!10!5(0,#0(!1+$5#4(0!.0($!1'/.$1(30!9!%/!5$/'($,$!)0.!.T.4=,0.!3/0(2#0Q4($/.5'(4.>! C/.%#40;! )$/.! :$! .014#'/! o>G;! .0('/4! $/$:T.3.! :*%4#:#.$4#'/! )0!8#'1$(8%($/4.! 04! :0.! 7%0.4#'/.! :#30.! 9! :$! )%($8#:#43! )0! 10%6Q1#>! B'%(! O#/#(;! :0! 1$)(0!:32#.:$4#O! 1'/10(/$/4! :$! )%($8#:#43! )0.! 8#'1$(8%($/4.! .0($! 5(3.0/43! )$/.! :$! .014#'/! o>t>!L*0/.0,8:0! )0! 10! 1+$5#4(0! 1'/4(#8%0! 9! %/0! ,0#::0%(0! 1',5(3+0/.#'/! )0! :$!5('8:3,$4#7%0!)0!10440!4+=.0>!!!
N\N /:57C95!5;!;7=:<IH7;<!! !! L0!1'/40640!23/3($:!5(3.0/43!1#Q)0..%.!($550::0!:*#,5'(4$/10!)0.!7%0.4#'/.!)0!:$!)%($8#:#43! )0.! $14#-#43.! +%,$#/0.! $-01! %/! O'1%.! .%(! :0! .0140%(! 3/0(234#7%0>! L*V20/10!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!u! L0! Y@C?! 0.4! :0! Y('%50! )*C650(4.! @/40(2'%-0(/0,0/4$:! .%(! :*_-':%4#'/! )%! ?:#,$4!F=03%&7)1%&0$%03.*! C.0%*! )0! B*,$.3%! B(.07%M;! 5(#/1#5$:! (0.5'/.$8:0! 5'%(! 10/4($:#.0(! :0.!1'//$#..$/10.!.%(!:0.!1$%.0.;!#,5$14.!04!,'T0/.!)0!:#,#40(!:0!(31+$%OO0,0/4!2:'8$:>!!
!! op!




! LfV@C!0.4#,0!)$/.!.0.!5('&014#'/.!7%0! :$!)0,$/)0!)*3/0(2#0! F04!5$(!1'/.37%0/4!)0!1$(8%($/4.!:#7%#)0.M!)%!.0140%(!)0.!4($/.5'(4.!$%2,0/40($!)0!,$/#=(0!1'/4#/%0!)$/.!:0.!5('1+$#/0.!)310//#0.>!I$/.! :0!F%<!C)*,',%"!D'%0.&,)!FZB"Mv;!10440!$%2,0/4$4#'/!0.4!)0!tqÜ!0/4(0!Gxox!04!Gxtx!F@CV;!GxoGM>!Z3$/,'#/.;!:0!4$%6!)0!1('#..$/10!)0!:$!)0,$/)0!)#,#/%0!)$/.!10440!53(#')0!0/!($#.'/!)0.!5(#6!3:0-3.!)%!534(':0!8(%4;!)0.!$,3:#'($4#'/.!)*0OO#1$1#43!3/0(234#7%0!04!)0!:$!.$4%($4#'/!)0!-3+#1%:0.!)$/.!10(4$#/.!,$(1+3.>!!! L0.! $14#-#43.! )0! 4($/.5'(4! (05(3.0/40/4! 0/-#('/! uxÜ! )0! :$! 1'/.',,$4#'/! )0!534(':0!8(%4!,'/)#$:!F@CV;!GxoGM>!L$!+$%..0!5(3-%0!)0.!5(#6!)%!534(':0!0.4!1'/.31%4#-0!9!:*$%2,0/4$4#'/! )0! :$! )0,$/)0! 04! 9! :*35%#.0,0/4! )0.! (3.0(-0.! )0! 10440! (0..'%(10! /'/Q(0/'%-0:$8:0>!L0! ($4#'!0/4(0! :0.! (3.0(-0.!1'//%0.!$%&'%()*+%#!04! :0! 4$%6!)0!5(')%14#'/!$14%0:!0.4!)0!ur>G!$/.! FEB;!GxoGM>!Da,0!.*#:! T!$!)0! :*#/10(4#4%)0!.%(!10.!)'//30.!04!)0!/'%-0::0.! (0..'%(10.! 534(':#=(0.! 5$..0/4! 4'%&'%(.! 9! :$! 1$432'(#0! )0! (3.0(-0.q! F:0.!(3.0(-0.!$14%0::0.!.'/4!wxÜ!.%53(#0%(0.!9!10::0.!)0!oppo!H!EB!FGxoGMM;!10:$!065'.0!%/!5('8:=,0!)*$55('-#.#'//0,0/4!3/0(234#7%0!5'%(!:0.!4($/.5'(4.>!I0!5:%.;!:0.!(3.0(-0.!/0!.'/4! 5$.! )#.4(#8%30.! )0! O$R'/! +','2=/0! )$/.! :0! ,'/)0>! ?0(4$#/.! 5$T.! F1',,0! :$!A($/10M!.'/4!$,0/3.!9!#,5'(40(!)0.!(0..'%(10.!534(':#=(0.!)0.!5$T.!5(')%140%(.!)'/4!:$!.4$8#:#43!5':#4#7%0!0.4!O($2#:0!F?+0-$:#0(;!GxxpM>!! L$!)350/)$/10! $%6! (0..'%(10.! O'..#:0.! O$#4! 7%0! :0.! $14#-#43.!)0! 4($/.5'(4! .'#0/4!%/0!#,5'(4$/40!1',5'.$/40!)0.!3,#..#'/.!)0!YC"!,'/)#$:0.!F-'#(!:$!A#2%(0!tM!g!0/-#('/!orÜ!Fv>x!Y4!?kG!07>M!)0.!3,#..#'/.!4'4$:0.!Frq>v!Y4!?kG!07>M!F@CV;!GxoGM>!?',,0!10:$!0.4!)3&9! #/)#7%3! )$/.! :0! J$8:0$%! o;! 10.! 3,#..#'/.! #/O:%0/4! .%(! :0! 1:#,$4;! 5('-'7%$/4! %/!(31+$%OO0,0/4!2:'8$:!)0!:$!5:$/=40!F-'#(!:*C/1$)(3!o!5'%(!:$!)3O#/#4#'/!)0!:*0OO04!)0!.0((0!04!.0.!1'/.37%0/10.M>!! I$/.! 10! 1'/40640;! ,$(7%3! 5$(! :$! 5('8:3,$4#7%0! )0! :$! .31%(#43!)*$55('-#.#'//0,0/4! '%! 0/1'(0! 5$(! :0! 1+$/20,0/4! 1:#,$4#7%0;! :0! )3-0:'550,0/4!)f$:40(/$4#-0.!$%6!5(')%#4.!534(':#0(.!0.4!)0-0/%!.4($432#7%0>!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!v! L0.! 4($-$%6! )0! 5('.5014#-0! 3/0(234#7%0! (3$:#.3.! 5$(! :*V@C! .0! 8$.0/4! /'4$,,0/4! .%(! 4('#.!.13/$(#'.>! L0%(! .13/$(#'! 10/4($:! 0.4! :0!F%<! C)*,',%"! D'%0.&,)! FZB"M;! 'Ç! #:.! 1'/.#)=(0/4! 7%0! :0.!0/2$20,0/4.!$//'/13.!5$(! :0.!5$T.;!0/!,$4#=(0!)0!5':#4#7%0!3/0(234#7%0!04!0/-#('//0,0/4$:0;!.'/4! #,5:$/43.>! L0!B#&&%03! C)*,',%"! D'%0.&,)! F?B"M;! /0! 1'/.#)=(0! $%1%/0! 5':#4#7%0! 3/0(234#7%0!5(#.0!$5(=.!GxoG>!L0!GHI!D'%0.&,)!Frux"M!1'/.#)=(0!7%0!)0.!$14#'/.!.0('/4!5(#.0.!5'%(!2$()0(!:$!1'/10/4($4#'/!)0!?kG!$4,'.5+3(#7%0!9!rux!55,!F5'%(!:#,#40(!9!Gä?!:*3:3-$4#'/!)0.!40,53($4%(0.!2:'8$:0.!9!:'/2Q40(,0M>!!!q!K0..'%(10.!534(':#=(0.!1'((0.5'/)0/4!9! :*0/.0,8:0!)f+%#:0!06#.4$/4!)$/.!:0!.'%.Q.':!40((0.4(0>!K3.0(-0.! 534(':#=(0.! .'/4! :0.! -':%,0.! )0! 534(':0! (31%53($8:0.! $%6! 1'/)#4#'/.! 401+/#7%0.! 04!31'/',#7%0.!)%!,',0/4>!
!! Go!
!
O9CD75! ^! L! /69<<9H:<! =:;J7HI9KD5<!6H:@9=?5<! @5!_&(\! `#88DI=;9H:! @5! <H?<! 8H775<IH:@! =D! ;5765!
'$'$,O!@5!?.=:C?=9<!()*+!,'&-!()*+!,'&!./)*0&!)*+!123&'435\!S(HD785!T!=@=I;F!@5!1&)!FGxoGM[\!
!
&:8=@7F!N!L!&BB5;!@5!<5775!5;!8J=:C565:;!8?96=;9KD5!!! L*0OO04! )0! .0((0! 0.4! %/! 5+3/',=/0! /$4%(0:! 83/3O#7%0! 5%#.7%0! :$! 40,53($4%(0!,'T0//0! )0! :$! .%(O$10! )0! :$! 5:$/=40! .0($#4! )*0/-#('/! Qoqä?;! $%! :#0%! )0! orä?! 0/! .'/!$8.0/10>!?0:$!0.4!)Ñ!$%6!5('5(#343.!)0!:*$4,'.5+=(0!7%#!:$#..0!5$..0(!%/0!2($/)0!5$(4#0!)%!($T'//0,0/4!.':$#(0!04!0,5a1+0!%/0!5$(4#0!)%!($T'//0,0/4!40((0.4(0!)0!.*31+$550(>!L0.!($T'//0,0/4.!.':$#(0!04!40((0.4(0;!-0/$/4!)0.!1'(5.!$T$/4!)#OO3(0/40.!40,53($4%(0.;!'/4!)0.!:'/2%0%(.!)*'/)0!)#OO3(0/40.!04!.0!1',5'(40/4!)#OO3(0,,0/4!)$/.!:*$4,'.5+=(0>!!! I0.!2$W!F-$50%(!)*0$%;!?kG;!?Sr;!ZGk;!041>M!0/!4(=.!O$#8:0!1'/10/4($4#'/!F,'#/.!)0!oÜ! 0/! -':%,0! )$/.! :*$4,'.5+=(0M! '/4! %/! O'(4! #,5$14! )$/.! :0! 8#:$/! 4+0(,#7%0! )0! :$!5:$/=40!5$(10!7%*#:.!'/4!:$!1$5$1#43!)*$8.'(80(!:0!($T'//0,0/4!3:014(',$2/34#7%0>!?*0.4!&%.40,0/4! 10440!)350/)$/10!)0! :*0OO04!)0! .0((0!$%6! 1',5'.3.!,#/'(#4$#(0.;!7%#! (0/)! :0!1:#,$4! -%:/3($8:0! $%6! 0OO04.! )0! :*$14#-#43! +%,$#/0! FL0! J(0%4! $/)! P$/1'-#1#;! GxxwM>! L$!A#2%(0!r!04!:$!A#2%(0!u;!5('-0/$/4!)%!)0(/#0(!($55'(4!'OO#1#0:!)%!Y@C?!FJ)#&3(!@""%""$%03!
M%-)&3E!5%8:#3!0/!GxxvM;!(05(3.0/40/4!(0.5014#-0,0/4!:*3-':%4#'/!)0!:$!1'/10/4($4#'/!)0.!5(#/1#5$%6!YC"!)$/.!:*$4,'.5+=(0!04!:*3-':%4#'/!)0!:$!40,53($4%(0!,'T0//0!9!:$!.%(O$10!)0!:$!5:$/=40>!L0.!($55'(4.!)%!Y@C?!1'/1:%0/4!7%0!:*$%2,0/4$4#'/!)0!:$!40,53($4%(0!0.4!)#(0140,0/4!:#30!9!:*$11%,%:$4#'/!)0.!YC">!!! I0.! 35#.')0.! 1:#,$4#7%0.! 064(a,0.! .'/4! 5('8$8:0,0/4! 0/20/)(3.! 5$(!:*$11('#..0,0/4!)0!40,53($4%(0!'8.0(-3!g!$%2,0/4$4#'/!)0.!35#.')0.!5:%-#0%6!#/40/.0.;!
!!GG!
$%2,0/4$4#'/! )0! .31+0(0..0.! 0.4#-$:0.! $%! )0..%.! )0.! 1'/4#/0/4.;! $%2,0/4$4#'/! )0! :$!O'(10!,$6#,$:0! )%! -0/4! 04! )%! /',8(0! )*'%($2$/.! 4('5#1$%6;! 041>! F@B??;! GxxvM>! L*@B??!.'%:#2/0;!/3$/,'#/.;!7%0! :$!5(3)#14#'/!)0!5+3/',=/0.! 1:#,$4#7%0.!9! :'/2! 40(,0! (0.40!)#OO#1#:0;!,$#.! :$! 40/)$/10!$14%0::0! 0.4!%/!0..'(!)0! :$! O(37%0/10!04!)0! :*#/40/.#43!)0! 10.!35#.')0.>!!
!





Chapter 2 Changes in Atmospheric Constituents and in Radiative Forcing
Frequently Asked Question 2.1
How do Human Activities Contribute to Climate Change 
and How do They Compare with Natural Influences?
Human activities contribute to climate change by causing 
changes in Earth’s atmosphere in the amounts of greenhouse gas-
es, aerosols (small particles), and cloudiness. The largest known 
contribution comes from the burning of fossil fuels, which releases 
carbon dioxide gas to the atmosphere. Greenhouse gases and aero-
sols affect climate by altering incoming solar radiation and out-
going infrared (thermal) radiation that are part of Earth’s energy 
balance. Changing the atmospheric abundance or properties of 
these gases and particles can lead to a warming or cooling of the 
climate system. Since the start of the industrial era (about 1750), 
the overall effect of human activities on climate has been a warm-
ing infl uence. The human impact on climate during this era greatly 
exceeds that due to known changes in natural processes, such as 
solar changes and volcanic eruptions.
Greenhouse Gases 
Human activities result in emissions of four principal green-
house gases: carbon dioxide (CO2), methane (CH4), nitrous oxide 
(N2O) and the halocarbons (a group of gases containing fl uorine, 
chlorine and bromine). These gases accumulate in the atmosphere, 
causing concentrations to increase with time. Signifi cant increases 
in all of these gases have occurred in the industrial era (see Figure 
1). All of these increases are attributable to human activities.
• Carbon dioxide has increased from fossil fuel use in transpor-
tation, building heating and cooling and the manufacture of 
cement and other goods. Deforestation releases CO2 and re-
duces its uptake by plants. Carbon dioxide is also released in 
natural processes such as the decay of plant matter.
• Methane has increased as a result of human activities related 
to agriculture, natural gas distribution and landfi lls. Methane 
is also released from natural processes that occur, for example, 
in wetlands. Methane concentrations are not currently increas-
ing in the atmosphere because growth rates decreased over the 
last two decades.
• Nitrous oxide is also emitted by human activities such as fertil-
izer use and fossil fuel burning. Natural processes in soils and 
the oceans also release N2O. 
• Halocarbon gas concentrations have increased primarily due 
to human activities. Natural processes are also a small source. 
Principal halocarbons include the chlorofl uorocarbons (e.g., 
CFC-11 and CFC-12), which were used extensively as refrig-
eration agents and in other industrial processes before their 
presence in the atmosphere was found to cause stratospheric 
ozone depletion. The abundance of chlorofl uorocarbon gases is 
decreasing as a result of international regulations designed to 
protect the ozone layer.
• Ozone is a greenhouse gas that is continually produced and 
destroyed in the atmosphere by chemical reactions. In the tro-
posphere, human activities have increased ozone through the 
release of gases such as carbon monoxide, hydrocarbons and 
nitrogen oxide, which chemically react to produce ozone. As 
mentioned above, halocarbons released by human activities 
destroy ozone in the stratosphere and have caused the ozone 
hole over Antarctica. 
• Water vapour is the most abundant and important greenhouse 
gas in the atmosphere. However, human activities have only 
a small direct infl uence on the amount of atmospheric wa-
ter vapour. Indirectly, humans have the potential to affect 
 water  vapour substantially by changing climate. For example, 
a warmer atmosphere contains more water vapour. Human 
 activities also infl uence water vapour through CH4 emissions, 
because CH4 undergoes chemical destruction in the strato-
sphere, producing a small amount of water vapour.
• Aerosols are small particles present in the atmosphere with 
widely varying size, concentration and chemical composition. 
Some aerosols are emitted directly into the atmosphere while 
others are formed from emitted compounds. Aerosols contain 
both naturally occurring compounds and those emitted as a re-
sult of human activities. Fossil fuel and  biomass  burning have 
increased aerosols containing sulphur compounds,  organic 
compounds and black carbon (soot). Human activities such as 
FAQ 2.1, Figure 1. Atmospheric concentrations of important long-lived green-
house gases over the last 2,000 years. Increases since about 1750 are attributed to 
human activities in the industrial era. Concentration units are parts per million (ppm) 
or parts per billion (ppb), indicating the number of molecules of the greenhouse gas 
per million or billion air molecules, respectively, in an atmospheric sample. (Data 
combined and simplifi ed from Chapters 6 and 2 of this report.)
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Fig. 2.1  Étapes de l’analyse du cycle de vie 
2.2 CARACTERISTIQUES ET RELATION AVEC D’AUTRES OUTILS 
D’ANALYSE ENVIRONNEMENTALE 
Spécificité de l’analyse du cycle de vie 
Les principales caractéristiques de l’analyse du cycle de vie sont: 
• de fournir une aide à la décision en apportant uniquement des informations sur 
l’aspect environnemental d’un produit. La décision finale est prise en 
incluant des aspects autres que l’environnement tels que le coût, les 
conséquences sociales, la faisabilité économique et technique... 
• d’inclure les principaux problèmes environnementaux (de la diminution des 
ressources à la toxicité) 
• de relier les impacts environnementaux à la fonction du système 
• de couvrir tout le cycle de production, du berceau à la tombe, de l‘extraction 
des ressources au traitement des déchets. Le terme d’analyse du cycle de vie 
(ACV) , correspondant à l’anglais «Life Cycle Assessment (LCA)», souligne 
bien cet aspect. Le synonyme français d’écobilan, correspondant à 
l’allemand «Ökobilanz» insiste plus sur la notion quantifiée de bilan et 
d’inventaire des émissions. Le glossaire donné en annexe 1 détaille la 
correspondance entre termes français, anglais et allemands et définit en détail 
la terminologie des ACV.  
Couvrir l’ensemble du cycle de vie, du berceau à la tombe est nécessaire pour ne 
pas créer de nouveaux problèmes environnementaux en cherchant à réduire les 
émissions sur le site même de production ou pour ne pas simplement exporter la 
pollution dans d’autres sites. 
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N 533 533 464 464 464 464
Mean dep. Var. 28.64 17.62 24.15 25.04 24.15 25.01
Adj. R-squ. 16.30% 68.76% 37.26% 30.95% 38.33% 30.94%























AIC 5464.39 6146.08 3977.78 4113.00 3970.72 4114.05
BIC 5485.79 6167.47 4027.45 4162.68 4024.54 4167.87
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N 209 209 209 209 321 321
Mean dep. Var. 19.70 19.14 19.70 18.96 26.61 26.61
Adj. R-squ. 31.21% 36.31% 30.32% 36.24% 40.13% 37.82%





























AIC 1790.30 1860.83 1792.98 1861.08 2748.21 2844.70
BIC 1827.07 1897.60 1829.75 1897.85 2785.92 2882.42
LR test (P. value)
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btl_pro_alelec - - - - - -
btl_pro_alrenew - - - - - -





























copval_hyb - - - - - - - - - -
luc_indir - - - - - - - - - -
uncer_MC - - - - - - - - - -
uncer_SA - - - - - - - - - -
uncer_ref (ref)
impcat_nev - - - - - - - - - -
impcat_nrc - - - - - - - - - -
impcat_other - - - - - - - - - -
impcat_gwponly (ref)





















N 132 132 132 132 141 141 143 143 143 143
Mean dep. Var. 19.45 21.96 19.45 21.84 18.80 22.29 18.65 22.22 18.65 21.62
Adj. R-squ. 39.48% 26.01% 38.39% 23.56% 35.19% 25.06% 31.39% 25.56% 33.22% 24.68%



































AIC 1115.07 1155.89 1117.44 1160.18 1194.29 1232.65 1218.17 1249.13 1218.07 1254.57
BIC 1141.01 1181.83 1143.38 1186.12 1217.88 1256.24 1235.95 1266.91 1247.70 1284.20
LR test (P. value)
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N505/,'%"!#3,*,".03!4%"!$)4[*%"!4%!$53.9&57&%"",)08!?',,0!/'%.!:f$-'/.!)3,'/4(3!)$/.!:$!.014#'/!5(313)0/40;!:0!1$)(0!)0!:$!$53.9&57&%"",)0!50(,04!)0!5(')%#(0!%/0!0.4#,$4#'/!)0!:f%//%'39",:%!,'T0//0!5'/)3(30!0/!O'/14#'/!)0!:f#/O:%0/10!.T.43,$4#7%0!)0!.0.!5(#/1#5$%6!O$140%(.>!N/0! O'#.! 0.4#,30;! :$!,34$QO'/14#'/!50%4!a4(0!%4#:#.30!5'%(!)3)%#(0! :0.!-$:0%(.!)f'(#2#/0! )0! %//%'39",:%! 0/! .531#O#$/4! )0! /'%-0::0.! -$:0%(.! 5'%(! :0.! 5(#/1#5$%6! O$140%(.!#)0/4#O#3.!1'((0.5'/)$/4!9!)0.!34%)0.!)0!1$.!50(4#/0/40.>!?0440!401+/#7%0!)0!3&.0"/%&3!4%!
Samples G3 G3 G3 G3 G3 G3 G3 G3 G3 G3




































































































































N 68 68 68 68 68 68 68 68 69 69
Mean dep. Var. 59.97 68.95 59.97 67.95 59.97 67.85 59.97 66.53 58.84 126.49
Adj. R-squ. 65.23% 80.63% 66.07% 81.32% 66.59% 81.92% 66.06% 81.34% 17.77% 48.39%















































AIC 762.02 768.75 760.36 766.29 760.17 764.92 760.37 766.23 828.44 844.62
BIC 779.78 786.51 778.11 784.04 780.14 784.89 778.13 783.98 837.37 853.56
LR test (P. value)







































N505/,'%"! j! *6.,4%! 4%! $)4[*%"! 4%! $53.9&57&%"",)0;! 1',,0! 0::0! 0.4! $550:30! )$/.! :$!:#443($4%(0! )0! :$!$53.9.0.*?"%;! 5'%(($#4! a4(0! %/0! ,34+')':'2#0! 5$(4#1%:#=(0,0/4! 8#0/!$)$5430!5'%(!(3.'%)(0!:$!7%0.4#'/!)#40!)0!:f+$(,'/#.$4#'/!.531#O#7%0!9!:$!:#443($4%(0!)0.!V?\>!!! L0.! -$:0%(.! 5(3)#40.! 50%-0/4! a4(0! 1$:1%:30.! 0/! %4#:#.$/4! %/0! 1',8#/$#.'/! )0!-$(#$8:0.! 7%#! 06#.40/4! )3&9! )$/.! :$! ,34$Q8$.0! )0! )'//30.;! 10! 4T50! )0! 5(3-#.#'/! 34$/4!$550:3!,0!".$-*%!F)$/.!:f31+$/4#::'/M>!L$!5(3-#.#'/!,0!".$-*%!50(,04!:$!1',5$($#.'/!)0.!-$:0%(.!(01%0#::#0.!F0.4#,$4#'/.!)0!:*%//%'39",:%M!04!)0.!-$:0%(.!5(3)#40.!$O#/!)0!-3(#O#0(!:$!5(31#.#'/!)0!:$!5(3)#14#'/!)0!:f%//%'39",:%!5$(!:$!,34$QO'/14#'/>!! C/!'%4(0;!:0.!-$:0%(.!5(3)#40.!50%-0/4!a4(0!064($5':30.!5'%(!%/0!1',8#/$#.'/!)0!-$(#$8:0.!50(4#/0/40.!7%#!/f06#.40/4!5$.!/310..$#(0,0/4!)$/.! :$!$53.9N."%!4%!4)005%"!U!1f0.4! 5'%(7%'#! 10440! 5(3-#.#'/! 0.4! $550:30! )#3! )/! ".$-*%! F+'(.! )0! :f31+$/4#::'/M>! N/0!5(3-#.#'/!)#3!)/!".$-*%!50%4!O'%(/#(!)0.!-$:0%(.!5'%(!:f%//%'39",:%!5'%(!)0.!34%)0.!)0!1$.!/'/! 3-$:%30.! )$/.! :$! :#443($4%(0>! C/! '%4(0;! :$! 5(3-#.#'/! )#3! )/! ".$-*%! $55:#7%30! $%6!-$(#$8:0.!7%$/4#4$4#-0.!50%4!$#)0(!9!40.40(!:$!.0/.#8#:#43!)0!:f%//%'39",:%!5$(!($55'(4!9!10.!-$(#$8:0.>!!! I$/.!%/!5(0,#0(!40,5.;!:0.!5(3-#.#'/.!,0!".$-*%!.'/4!5(3.0/430.!04!$/$:T.30.>!C/!.01'/)! :#0%;! %/0! 5(3-#.#'/! )#3! )/! ".$-*%! 0.4! 0OO014%30! 0/! 3-$:%$/4! 0/! 5$(4#1%:#0(! :$!.0/.#8#:#43!)0.!-$(#$8:0.!7%$/4#4$4#-0.! F5(')%14#-#43!)0.!$:2%0.!04! 40/0%(!0/!+%#:0!5'%(!:0.!8#'1$(8%($/4.!Yt;!(0/)0,0/4!,$..#7%0!5'%(!:0!EJL!04!:f34+$/':M>!!
G8G8U C&51,",)0!,0!".$-*%!! L0! J$8:0$%! ox! ,0/4#'//0! 10(4$#/0.! )0.! 1$($143(#.4#7%0.! )0.! -$:0%(.! 5(3)#40.!1',5$(30.! $%6! -$:0%(.! (01%0#::#0.! F0.4#,$4#'/.! )0! :f%//%'39",:%! )$/.! :$! ,34$Q8$.0! )0!)'//30.M! 5'%(! 1+$7%0! 31+$/4#::'/>! L0.! ,34$Q,')=:0.! %4#:#.3.! 5'%(! 1$:1%:0(! 10.!5(3-#.#'/.! ,0! ".$-*%! .'/4! 10%6! 7%#! .'/4! 0.4#,3.! )$/.! :0.! 1':'//0.! Fo$V::M;! Fo$YGM;!Fo$C4+$M;! Fo$EJLM! 04! Fo$YtM! 5'%(! :f31+$/4#::'/! n!<()*%!o;! :f31+$/4#::'/! n!PW!o;!:f31+$/4#::'/! n!PW953(.0)*!o;! :f31+$/4#::'/! n!PW9ARb!o! 04! :f31+$/4#::'/! n!Ph!o;!(0.5014#-0,0/4!F-'#(!J$8:0$%!w;!J$8:0$%!v;!J$8:0$%!q!04!J$8:0$%!pM>!
 J'%4!)f$8'();!/'%.!'8.0(-'/.!7%0!:0.!-$:0%(.!,'T0//0.!5'%(!:0.!-$:0%(.!5(3)#40.!.'/4! :32=(0,0/4!)#OO3(0/40.!)0! 10::0.!)0.!-$:0%(.! 1'::01430.>!Z3$/,'#/.;! :0! 1:$..0,0/4!0/4(0! :0.! 8#'1$(8%($/4.! YG! 04! Yt;! :0! EJL! 04! :f34+$/':! 0/! 40(,0.! )0! 1'/4(#8%4#'/! $%!
!! oGt!
1+$/20,0/4! 1:#,$4#7%0! 0.4! :0! ,a,0! 7%0! 10:%#! )31(#4! )$/.! :f$/$:T.0! 31'/',34(#7%0>!If$%4(0!5$(4;!:$!5:$20!)0!-$(#$4#'/!0.4!5:%.!34('#40!5'%(!:0.!-$:0%(.!5(3)#40.!7%0!5'%(!:0.!-$:0%(.!1'::01430.;!9!:f061054#'/!)0!:f31+$/4#::'/!Yt>!! C/! '%4(0;! 10.!,34$Q,')=:0.! '/4! 40/)$/10! 9! .%(0.4#,0(! :0.! -$:0%(.! 5(3)#40.! 5$(!($55'(4! 9! :0%(.! -$:0%(.! 1'((0.5'/)$/40.! 1'::01430.! Fut!Ü!9!uw!Ü!)0.! -$:0%(.!5(3)#40.!.'/4!.%(0.4#,30.!.0:'/!:0.!31+$/4#::'/.M!1',,0!:0!,'/4(0!:$!A#2%(0!Gu>!!!
0=>?5=D! NX! i! ,=7=8;F79<;9KD5<! @5<! G=?5D7<! 8H??58;F5<! 5;! I7F@9;5<! @5! ?e&11&.48'$9&! 5:! C,#UFK\W2j!
SG=?5D7<!I7F@9;5<!8=?8D?F5<!c!I=7;97!@5!6F;=i6H@A?5<!SN=[[!
!!
Samples Whole G3 G2 BtL Ethanol
Collected values
Number of values 533 69 464 143 321
Mean 28.64 58.84 24.15 18.65 26.61
Min -85.00 -85.00 -24.00 -24.00 -23.65
Max 332.20 332.20 85.80 85.68 85.80
NA values higher than -60% 
GHG emission threshold
7% 14% 5% 1% 7%
EU values higher than -60% 
GHG emission threshold
25% 30% 24% 17% 27%
Predicted values













Min -9.42 -109.25 -15.82 -8.04 -20.86
Max 76.27 230.82 47.91 56.31 47.49
Underestimated values 44% 46% 44% 47% 47%
Overestimated values 56% 54% 56% 53% 53%
Collected values included in 
the predicted value CI
12% 51% 22% 18% 37%
NA values higher than -60% 
GHG emission threshold
5% 9% 2% 1% 2%
EU values higher than -60% 
GHG emission threshold
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G8G8W C&51,",)0!)#3!)/!".$-*%!! L0.! -$:0%(.! )0! :$! 5(3-#.#'/! )#3! )/! ".$-*%! .'/4! 1$:1%:30.! 9! 5$(4#(! )0! :$! ,34$QO'/14#'/! '840/%0! 5$(! :$! $53.9&57&%"",)0>! ?0440! ,34+')0! )f+$(,'/#.$4#'/! 50(,04!)f'840/#(! )0.! -$:0%(.!,'T0//0.! )0! :*%//%'39",:%! 04! :0.! #/40(-$::0.! )0! 1'/O#$/10! $..'1#3.!F?@M! 5'%(! 1+$7%0! 1',8#/$#.'/! )0! -$(#$8:0.! .4$4#.4#7%0,0/4! .#2/#O#1$4#-0.! )f%/!$53.9






O9CD75!Ub! i!%=?5D7<!I7F@9;5<!@5! ?.&11&.48'$9&!IHD7! ?e5:<56>?5!@5! ?eF8J=:;9??H:!8=?8D?F5<!c!I=7;97!@D!


















Target -60% GHG emissions (US)
Target -60% GHG emissions (EU)
!! oGv!























Predicted value (for oil content mean value in G3 sample) Predicted values
95% Confident Interval (lower) 95% Confident Interval (upper)
!!oGq!
!
O9CD75! Ud! i! 1:B?D5:85! @5! ?=! I7H@D8;9G9;F! @5<! =?CD5<! <D7! ?5<! G=?5D7<! I7F@9;5<! @5! ?.&11&.48'$9&! IHD7!




















Predicted value (for productivity mean value in G3 sample) Predicted values
95% Confident Interval (lower) 95% Confident Interval (upper)
!! oGp!
!
O9CD75! UY! i! 1:B?D5:85! @D! 75:@565:;! 6=<<9KD5! <D7! ?5<! G=?5D7<! I7F@9;5<! @5! ?.&11&.48'$9&! IHD7!
?eF8J=:;9??H:!@eF;J=:H?!S6F;=i6H@A?5!N=&;J=[!!
!




















Predicted value (for mass yield mean value in G2 Ethanol sample) Predicted values


















Predicted value (for mass yield mean value in G2 BtL sample) Predicted values
95% Confident Interval (lower) 95% Confident Interval (upper)
!!otx!
V\a !+56=7KD5<!@5!8H:8?D<9H:!5;!=:=?]<5!!! ?0440! 5$(4#0! )0! :$! 4+=.0! F?+$5#4(0.! t! 04! rM! -#.0! 9! .T/4+34#.0(! :$! :#443($4%(0! )0.!34%)0.!V?\!7%#!'/4!0.4#,3!:0.!3,#..#'/.!)0!YC"!)0.!8#'1$(8%($/4.!$-$/13.>!Z'4(0!(0-%0!)0!:$!:#443($4%(0!$!,'/4(3!%/0!2($/)0!-$(#$4#'/!0/4(0!:0.!(3.%:4$4.!FA#2%(0!GxM>!k/!50%4!)'/1!.0!)0,$/)0(! ,Z!.f#:!06#.40!%/!1'/.0/.%.!.%(! :0.!$-$/4$20.!0/!40(,0.!)0!(3)%14#'/!)0.!3,#..#'/.!)0!YC"!)0.!8#'1$(8%($/4.!$-$/13.!04!,,Z!5'%(7%'#!#:!T!$!40::0,0/4!)f31$(4!0/4(0!:0.!(3.%:4$4.>!B'%(!10!O$#(0;!#:!$!343!1+'#.#!)f$55:#7%0(!%/0!,34+')':'2#0!5$(4#1%:#=(0!)0! !$53.9.0.*?"%;! *6.0.*?"%!4%!$53.9&57&%"",)0E!9! :$!5:$10!)f%/0!$55('1+0!5:%.!1:$..#7%0!)0!(0-%0!/$(($4#-0!)0! :$! :#443($4%(0>!?0:$!50(,04!)0!O'%(/#(!%/0!$/$:T.0!.4$4#.4#7%0!)0.!(3.%:4$4.!)0.!0.4#,$4#'/.!5(313)0/40.!$O#/!)0!.T/4+34#.0(! :0.! #/O'(,$4#'/.!)#.5'/#8:0.>!?0440! 3-$:%$4#'/! $55'(40! %/0! -%0! )f0/.0,8:0! 1',5:=40! 04! 1'/4(#8%0! 9! %/0! ,0#::0%(0!1',5(3+0/.#'/!)0.!5(#/1#5$%6!O$140%(.!#/)%#.$/4!)0.!-$(#$4#'/.!0/4(0!:0.!3,#..#'/.!YC"!)$/.! :0! 1T1:0!)0!-#0!)*%/!8#'1$(8%($/4>!C/!%4#:#.$/4! 10! 1$)(0!)0! (01+0(1+0!7%$/4#4$4#-0!'(#2#/$:;!:0!5(3.0/4!4($-$#:!40/40!)0!5'%..0(!%/!50%!5:%.!:'#/!:f$/$:T.0!)0.!3,#..#'/.!)0!YC"!)0.!8#'1$(8%($/4.!$-$/13.!0/!1',5:34$/4!:0.!0/7%a40.!7%$:#4$4#-0.!7%#!'/4!)3&9!343!5%8:#30.! FD0/#1+044#! $/)! k44';! GxxqU! ?+0(%8#/#! 04! $:>;! GxxpU! Y/$/.'%/'%! 04! $:>;! GxxpU!"%/)0!04!$:>;!GxooU!E'((#'/!04!$:>;!GxoGU!m#:'.'!04!$:>;!GxoGM>!Z'%.!34%)#'/.!H!5$(!:0!8#$#.!)f%/0! $55:#1$4#'/! H! :$! 1$5$1#43! )0! :f$/$:T.0! )0! ,34$Q(32(0..#'/! 9! .T/4+34#.0(! :$!:#443($4%(0! .%(! :0.! V?\! 0/! ,044$/4! 0/! 3-#)0/10! :0.! 5(#/1#5$%6! )340(,#/$/4.! )0! :$!-$(#$8#:#43!)%!(3.%:4$4!$O#/!)0!(3$:#.0(!%/0!+$(,'/#.$4#'/>!! Z'4(0! 8%4! 5(#/1#5$:! 34$#4! )f#)0/4#O#0(! 04! )0! 7%$/4#O#0(! :0.! O$140%(.! 7%#;! 5$(,#! :0.!.%#-$/4.;!,Z!)'//30.|1$($143(#.4#7%0.!401+/#7%0.;!,,Z!1+'#6!,34+')':'2#7%0.!$%40%(!04!,,,Z!4T5':'2#0! )0! :f34%)0! 06$,#/30;! '/4! %/! #,5$14! .%(! :0.! -$(#$4#'/.! )0.! 0.4#,$4#'/.! )0.!3,#..#'/.!)0!YC">!Z'.!(3.%:4$4.!#/)#7%0/4!%/0!+#3($(1+#0!0/4(0!:0.!8#'1$(8%($/4.!YG!04!Yt!g! :0.! 3,#..#'/.!)0!YC"!)0.!8#'1$(8%($/4.!Yt! .'/4! .4$4#.4#7%0,0/4!5:%.! 3:0-30.!7%0!10::0.!)0!:f34+$/':!7%#;!9!:0%(!4'%(;!.'/4!.%53(#0%(0.!9!10::0.!)%!EJL>!C/!'%4(0;!7%0:!7%0!.'#4! :0! 4T50! )0! 8#'1$(8%($/4! $-$/13! 34%)#3;! :0.! 0.4#,$4#'/.! /'()Q$,3(#1$#/0.! .'/4!.4$4#.4#7%0,0/4! 5:%.! 3:0-30.! 7%0! 10::0.! )0! :fC%('50>! C/! 10! 7%#! 1'/10(/0! :0.! 1+'#6!,34+')':'2#7%0.! )0.! $%40%(.;! /'%.! $-'/.! ,'/4(3! 7%0! 10(4$#/0.! -$(#$8:0.! 50%-0/4!#/O:%0/10(! :0.! (3.%:4$4.!)0! :fV?\;! 1',,0! :0! 4T50!)f$55('1+0!V?\!FV?\QV!'%!V?\Q?M;! :$!,34+')0! )0! 5(#.0! 0/! 1',540! )0.! 1'5(')%#4.! 04! :$! 5(#.0! 0/! 1',540! '%! /'/! )0.!1+$/20,0/4.! )f$OO014$4#'/! )0.! .':.! #/)#(014.>! ?0(4$#/0.! -$(#$8:0.! 401+/#7%0.! .0,8:0/4!
!! oto!
$-'#(! %/0! #/O:%0/10! .%(! :0.! 0.4#,$4#'/.! )0.! 3,#..#'/.! )0! YC">! C/! 10! 7%#! 1'/10(/0! :0.!8#'1$(8%($/4.!YG;!:0!(0/)0,0/4!,$..#7%0!$!%/!0OO04!/32$4#O!04!/'/!:#/3$#(0!9!:$!O'#.!5'%(!:f34+$/':! 04! 5'%(! :0! EJL! $:'(.! 7%0! :0! 4T50! )0! 5('13)3! /f$! %/! 0OO04! .4$4#.4#7%0,0/4!.#2/#O#1$4#O!7%0!5'%(!:0!EJL>!B'%(!:0.!8#'1$(8%($/4.!Yt;!:$!5(')%14#-#43!)0.!$:2%0.!04!:0%(!40/0%(! 0/! +%#:0! '/4! .T.43,$4#7%0,0/4! %/! 0OO04! /32$4#O! 04! /'/! :#/3$#(0>! C/O#/;! )0.!1'/1:%.#'/.!50%-0/4!32$:0,0/4!a4(0!34$8:#0.!9!5$(4#(!)0!10(4$#/0.!-$(#$8:0.!7%#!/f'/4!5$.!343!#)0/4#O#30.!1',,0!)0.!-$(#$8:0.!7%#!#/O:%0/4!.%(!:0!(3.%:4$4!O#/$:!)0!:fV?\;!1',,0!:0!4T50!)0!5(34($#40,0/4!)0! :$! 8#',$..0!)$/.! :0! 5('10..%.!)0! 1'/-0(.#'/!)0! :f34+$/':! 04!:f%4#:#.$4#'/!)0!:$!1$54%(0!04!.4'1b$20!)%!1$(8'/0!)$/.!:0!5('13)3!)0!1'/-0(.#'/!)%!EJL>!L$! 5(0,#=(0! /f0.4! 5$.! .4$4#.4#7%0,0/4! .#2/#O#1$4#-0! 5('8$8:0,0/4! 1$(! :$! 5:%5$(4! )0.!)'//30.! 401+/#7%0.! .%(! :f34+$/':! %4#:#.30.! )$/.! :0.! )#OO3(0/40.! 34%)0.! .'/4! )3(#-30.!)f%/0! .0%:0! 34%)0! FV)0/! 04! $:>;! GxxGM>! L$! )0%6#=,0! 0.4! %/0! -$(#$8:0! 5'%(! :$7%0::0! '/!.f$440/)$#4!9!$-'#(!%/!#,5$14!/32$4#O!)$/.!:0!(3.%:4$4!)0.!3,#..#'/.!)0!YC";!,$#.!7%#!/*$!5$.! 5%! a4(0! 40.430! 5$(10! 7%0! 4'%40.! :0.! '8.0(-$4#'/.! $-01! :f%4#:#.$4#'/! )0! 1$54%(0! 04!.4'1b$20!)0!1$(8'/0!4',8$#0/4!)$/.!:$!1$432'(#0!)0.!)#3*,%&">!! L0!)0%6#=,0!'8&014#O!)0!10440!34%)0!34$#4!)0!4($#40(!:$!7%0.4#'/!)0!:f+$(,'/#.$4#'/!)$/.! :0!)',$#/0!)0.!3,#..#'/.!)0!YC"!)0.!8#'1$(8%($/4.!$-$/13.!2(<10!9! :$! 401+/#7%0!)0!3&.0"/%&3!4%!N505/,'%"!#3,*,".03!4%"!$)4[*%"!4%!$53.9&57&%"",)08!Z'.!(3.%:4$4.!50%-0/4!a4(0!(3.%,3.!1',,0!.%#4>!B'%(!1+$7%0!4T50!)0!8#'1$(8%($/4;!%/0!-$:0%(!,'T0//0!)0.!3,#..#'/.!)0!YC"!F065(#,30!0/!2?kG37>|DP!)0!8#'1$(8%($/4M!5'/)3(30!0/! O'/14#'/!)0!:f#/O:%0/10!)0!.0.!5(#/1#5$%6! O$140%(.!04!.'/! #/40(-$::0!)0!1'/O#$/10!1'((0.5'/)$/4;!0.4!O'%(/#0!FJ$8:0$%!oxM!g!0/-#('/!wx;x!F0/4(0!rt;t!04!vw;vM!5'%(!:0.!8#'1$(8%($/4.!Yt!U!op;v!F0/4(0!ov;r!04!GG;xM!5'%(!:f34+$/':!04!op;u!F0/4(0!ow;v!04!GG;GM!5'%(!:0!EJL>!I0(/#0(!5'#/4;!10.! -$:0%(.! $55$($#..0/4! .T.43,$4#7%0,0/4! 5:%.! 3:0-30.! 5'%(! :0.! 0.4#,$4#'/.! /'()Q$,3(#1$#/0.! 7%0! 5'%(! :0.! 0.4#,$4#'/.! 0%('530//0.;! 4'%40.! 1+'.0.! 34$/4! 32$:0.! 5$(!$#::0%(.!FA#2%(0!GwM>!@:!O$%4!/'40(!7%0!10440!5:$20!)0!-$:0%(.!0.4!#/O3(#0%(0!9!:$!(3O3(0/10!O'..#:0!F0/-#('/!qt;q!2?kG37>|DPM>!?050/)$/4;!.0%:!:f34+$/':!04!EJL!(0.50140/4!:0.!.0%#:.!)0! (3)%14#'/! )0.! 3,#..#'/.! )0! YC"! )3O#/#.! 9! :$! O'#.! )$/.! :0.! )#(014#-0.! $,3(#1$#/0! 04!0%('530//0>!!! ?0(4$#/.!(3.%:4$4.!5(3.0/43.!)$/.!10440!$/$:T.0!)0!,34$Q(32(0..#'/!'/4!(3-3:3!)0!/'%-0::0.!#/O'(,$4#'/.!/'/!0/1'(0!3-$:%30.!)$/.!10440!:#443($4%(0;!1',,0!:f06#.40/10!)0!10(4$#/.! 0OO04.! /'/! :#/3$#(0.! .%(! :0.! -$(#$8:0.! 401+/#7%0.>! I0! 5:%.;! :f.0.*?"%! 4%! $53.9
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  a To be determined by EPA through a future rulemaking, but no less than 1.0 billion gallons.
  b To be determined by EPA through a future rulemaking.
EISA Expands Coverage to Include Diesel and Nonroad Fuels
EISA expanded the RFS program beyond gasoline to generally cover all transportation fuel. 
This now includes gasoline and diesel fuel intended for use in highway vehicles and engines, 
and nonroad, locomotive and marine engines. These provisions continue to apply to re!ners, blenders, 
and importers of transportation fuel (with limited "exibilities for small re!ners), and their percentage 
standards apply to the total amount of gasoline and diesel they produce for such use. 
2010 Standards 
For 2010, EISA set a total renewable fuel standard of 12.95 billion gallons. This total volume, 
presented as a fraction of a re!ner’s or importer’s gasoline and diesel volume, must be renewable 













renewable fuel must be less than the lifecycle GHG emissions of the 2005 baseline average 
gasoline or diesel fuel that it replaces. Four different levels of reductions are required for the four 
different renewable fuel standards. These lifecycle performance improvement thresholds are 
listed in the table below: 
/LIHF\FOH*+*7KUHVKROGV6SHFL¿HGLQ(,6$
(Percent reduction from 2005 baseline)
Renewable fuela
Advanced biofuel






a The 20% criterion generally applies to renewable fuel from new facilities that 
commenced construction after December 19, 2007. 
Compliance with each threshold requires a comprehensive evaluation of renewable fuels, as well 
as the baseline for gasoline and diesel, on the basis of their lifecycle emissions. As mandated by 
EISA, the greenhouse gas emissions assessments must evaluate the aggregate quantity of greenhouse 
gas emissions (including direct emissions and signi!cant indirect emissions such as signi!cant 
emissions from land use changes) related to the full lifecycle, including all stages of fuel and 
feedstock production, distribution and use by the ultimate consumer.  
EPA’s lifecycle methodology required breaking new scienti!c ground and using analytical tools 
in new ways. Throughout the development of EPA’s lifecycle analysis, the Agency employed 
a collaborative, transparent, and science-based approach. EPA recognizes that as the state of 
scienti!c knowledge continues to evolve in this area, the lifecycle GHG assessments for a variety 
of fuel pathways are likely to be updated. Therefore, while EPA is using its current lifecycle assessments 
to inform the regulatory determinations for fuel pathways in this !nal rule, as required by the 
statute, the Agency is also committing to further reassess these determinations and lifecycle 
estimates. 
Based on the Agency’s current modeling of speci!c fuel pathways, which incorporated comments 
received through the third-party peer review process, and data and information from new studies 
and public comments, EPA has determined that:
r &UIBOPMQSPEVDFEGSPNDPSOTUBSDIBUBOFX	PSFYQBOEFEDBQBDJUZGSPNBOFYJTUJOH

natural gas-!red facility using advanced ef!cient technologies that we expect will be 
most typical of new production facilities complies with the 20% GHG emission reduction 
threshold
r #JPCVUBOPMGSPNDPSOTUBSDIDPNQMJFTXJUIUIF()(UISFTIPME
 Ethanol produced from sugarcane complies with the applicable 50% GHG reduction 
threshold for the advanced fuel category
r #JPEJFTFMGSPNTPZPJMBOESFOFXBCMFEJFTFMGSPNXBTUFPJMTGBUTBOEHSFBTFTDPNQMJFT
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Figure 3 Main differentiation of the document for the three goal situations A, B, and C 
(indicative only; few other differences exist). 
2.2.4 How to perform an LCI or LCA study in accordance with 
this document 
The structure of this guide generally orients to the workflow encountered in LCA. It cannot 
do this however in a strict sense without jumping forth and back in the formal logic of the 
phases of an LCA. The fact that performing an LCA studies is an iterative process, poses an 
additional challenge to a workflow-based structure.  
   
Critical review
Optionally extending the goal -
Function, functional unit, 
reference flow
Identify processes attributionally
Data collection - dealing with 
missing data - selecting 
secondary data - modeling the 
product system
Calculating LCI results
Calculating LCIA results (may 
include normalisation, weighting)




Classifying the decision context
Selection of LCI modeling
System boundary - Preparing 
impact assessment - Data quality, 
types and source of data ±













Situation A Situation B Situation C
Situation A Situation B Situation C
Situation CSituation A Situation B
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Variables Family Description of variables Variables Type of variable (unit) 
Technical data       
Type of biofuel Second generation biofuel gen_2 Binary (=1 if 'true'; 0 else) 
Third generation biofuel gen_3 Binary (=1 if 'true'; 0 else) 
Ethanol etha Binary (=1 if 'true'; 0 else) 
Biomass to Liquid (BtL) btl Binary (=1 if 'true'; 0 else) 
Fatty Acid Methyl Ester (FAME) fame Binary (=1 if 'true'; 0 else) 
Hydrotreated Vegetable Oil (HVO) hvo Binary (=1 if 'true'; 0 else) 
Type of biomass 
feedstock 
Microalgae mat_algae Binary (=1 if 'true'; 0 else) 
Agricultural residues mat_agrires Binary (=1 if 'true'; 0 else) 
Forestry residues mat_for Binary (=1 if 'true'; 0 else) 
Energy crop mat_enercult Binary (=1 if 'true'; 0 else) 
Farmed wood mat_farmwood Binary (=1 if 'true'; 0 else) 
Others mat_other Binary (=1 if 'true'; 0 else) 
Cultivated feedstock mat_cult Binary (=1 if 'Cultivated 
feedstock'; 0 if 'Waste feedstock') 
Type of coproducts Existence of coproduct coprod Binary (=1 if 'true'; 0 else) 
Glycerin as coproduct cop_gly Binary (=1 if 'true'; 0 else) 
Electricity as coproduct cop_elec Binary (=1 if 'true'; 0 else) 
Heat as coproduct cop_heat Binary (=1 if 'true'; 0 else) 
Algal meal as coproduct cop_algmeal Binary (=1 if 'true'; 0 else) 
Biogas as coproduct cop_biog Binary (=1 if 'true'; 0 else) 
Other coproduct cop_other Binary (=1 if 'true'; 0 else) 
Other coproduct than elelctricity cop_otherelec Binary (=1 if 'true'; 0 else) 
Number of coproducts coprod_num Binary (=1 if 'true'; 0 else) 
Type of technologies 
and associated yields 
Mass yield provided mass_yield_exist Binary (=1 if 'true'; 0 else) 
Value of mass yield g2_mass_yield Quantitative (% mass) 
Steam explosion as biomass 
pretreatment for Ethanol technology 
eth_expl Binary (=1 if 'true'; 0 else) 
Dilute sulfuric acid as biomass 
pretreatment for Ethanol technology 
eth_ac Binary (=1 if 'true'; 0 else) 
Ammonia fibre explosion as biomass 
pretreatment for Ethanol technology 
eth_amm Binary (=1 if 'true'; 0 else) 
Other processes as biomass 
pretreatment for Ethanol technology 
eth_other Binary (=1 if 'true'; 0 else) 
Torrefaction as biomass pretreatment 
for BtL technology 
btl_pre_torr Binary (=1 if 'true'; 0 else) 
Pyrolyse as biomass pretreatment for 
BtL technology 
btl_pre_pyro Binary (=1 if 'true'; 0 else) 
No biomass pretreatment for BtL 
technology 
btl_pre_none Binary (=1 if 'true'; 0 else) 
Autothermic BtL technology btl_pro_autoth Binary (=1 if 'true'; 0 else) 
Allothermic BtL technology with 
natural gas as fuel 
btl_pro_alng Binary (=1 if 'true'; 0 else) 
Allothermic BtL technology with 
imported electricity as fuel 
btl_pro_alelec Binary (=1 if 'true'; 0 else) 
!! "#$!
Allothermic BtL technology with 
renewable energy as fuel 
btl_pro_alrenew Binary (=1 if 'true'; 0 else) 
BtL technology with tail gas recycled btl_gasrecycl Binary (=1 if 'true'; 0 else) 
BtL technology with Carbon Capture 
and Storage 
btl_ccs Binary (=1 if 'true'; 0 else) 
Microalgae productivity for G3 biofuel g3_productivity Quantitative (g/(m2.day)) 
Oil content of microalage for G3 
biofuel 
g3_oil Quantitative (% dry mass) 
Open Pond for microalgae cultivation 
for G3 biofuel 
g3_Oppond Binary (=1 if 'open pound'; 0 if 
"photobioreactor or hybrid") 
Geographical location 
of the case study 
North America zloc_us Binary (=1 if 'true'; 0 else) 
Europe zloc_eu Binary (=1 if 'true'; 0 else) 
Other zloc_other Binary (=1 if 'true'; 0 else) 
Methodological choices     
Type of LCA approach Attributionnal LCA lca_att Binary (=1 if 'true'; 0 else) 
Consequential LCA lca_cons Binary (=1 if 'true'; 0 else) 
System boundaries Well To Tank wtt Binary (=1 if 'true'; 0 else) 
Well To Wheel wtw Binary (=1 if 'true'; 0 else) 
Infrastructures taken into account in 
boundaries 
infrastruct Binary (=1 if 'true'; 0 else) 
Method for taking into 
account coproducts 
Energetic allocation copval_alloc_ener Binary (=1 if 'true'; 0 else) 
Mass allocation copval_alloc_mass Binary (=1 if 'true'; 0 else) 
Economic allocation copval_alloc_markval Binary (=1 if 'true'; 0 else) 
Exergetic allocation copval_alloc_exerg Binary (=1 if 'true'; 0 else) 
Allocation copval_alloc Binary (=1 if 'true'; 0 else) 
System expansion copval_systexp Binary (=1 if 'true'; 0 else) 
Hybrid copval_hyb Binary (=1 if 'true'; 0 else) 
Carbon neutral Carbon neutral hypotesis for WTW G3 
biofuel studies 
wtw*g3_carbneut Binary (=1 if 'true'; 0 else) 
Characterization 
method for impact 
assessment 
Number of greenhouse gases taken 
into account 
gas_num Binary  
(=1 if 'number >3'; 0 else) 
Method for taking into 
account N2O emission 
from N input 
Use of IPCC method ass_ipcc Binary (=1 if 'true'; 0 else) 
Method for taking into 
account Land Use 
Change 
LUC taken into account luc Binary (=1 if 'true'; 0 else) 
Direct LUC taken into account luc_dir Binary (=1 if 'true'; 0 else) 
Indirect LUC taken into account luc_indir Binary (=1 if 'true'; 0 else) 
Method for taking into 
account uncertainties 
No method for taking into account 
uncertainties 
uncer_ref Binary (=1 if 'true'; 0 else) 
Use of Monte Carlo analysis uncer_MC Binary (=1 if 'true'; 0 else) 
Use of sensitivity analysis uncer_SA Binary (=1 if 'true'; 0 else) 
Use of a method for taking into 
account uncertainties 
uncer_MCSA Binary (=1 if 'true'; 0 else) 
Number and type of 
environmental impact 
indicator assessed in 
the study 
Net Energy Value assessed impcat_nev Binary (=1 if 'true'; 0 else) 
Non Renewable Energy Consumption 
assessed 
impcat_nrc Binary (=1 if 'true'; 0 else) 
Energetic indicator assessed impcat_nrcnev Binary (=1 if 'true'; 0 else) 
!! "#$!
Global Warming indicator assessed impcat_gwp Binary (=1 if 'true'; 0 else) 
Other environmental indicator 
assessed 
impcat_other Binary (=1 if 'true'; 0 else) 
Number of environmental indicator 
assessed 
impcat_all Quantitative (number) 
Typology of the study     
Type of study Peer review literature lit_pr Binary (=1 if 'true'; 0 else) 
Official report lit_or Binary (=1 if 'true'; 0 else) 
Directive or Standard lit_dir Binary (=1 if 'true'; 0 else) 
Official report or directive/standard lit_ordir Binary (=1 if 'true'; 0 else) 
Working paper lit_wp Binary (=1 if 'true'; 0 else) 
Year of publication Year of publication year Quantitative (year) 
Year of publication after 2007 year_07 Binary (=1 if 'true'; 0 else) 
Year of publication after 2009 year_09 Binary (=1 if 'true'; 0 else) 
Year of publication after 2010 year_10 Binary (=1 if 'true'; 0 else) 
Geographical location 
of authors 
North America zlab_us Binary (=1 if 'true'; 0 else) 
Europe zlab_eu Binary (=1 if 'true'; 0 else) 




Geographical location of the 
authors 




Europe Other North 
America 
Europe Other 
Studies (47) 45% 53% 2% - - - 
Observations (593) 32% 67% 1% 34% 64% 2% !! !
!! "##!
!"#$%"&'()'*'+',-"-./-.0&%/'1%/23.4-.5%/'46&3'$%'!"#$%&'()*$%'
  # of values mean std dev min max 
Descriptive statistics for the Effect Size       
Es 593 34.45 89.34 -142.18 1377.90 
es_min 593 -11.25 70.81 -352.81 881.44 
es_max 593 80.18 155.52 -127.01 1874.37 
es_var 593 2264.65 9868.76 0.00 64159.87 
es_et 593 23.37 41.49 0.03 253.30 
Technical data           
gen_2 593 0.87 0.34 0 1 
gen_3 593 0.13 0.34 0 1 
Etha 593 0.61 0.49 0 1 
Btl 593 0.26 0.44 0 1 
Fame 593 0.11 0.31 0 1 
Hvo 593 0.03 0.16 0 1 
mat_algae 593 0.13 0.34 0 1 
mat_agrires 593 0.22 0.41 0 1 
mat_for 593 0.05 0.22 0 1 
mat_enercult 593 0.28 0.45 0 1 
mat_farmwood 593 0.10 0.30 0 1 
mat_other 593 0.23 0.42 0 1 
mat_cult 593 0.38 0.49 0 1 
Coprod 593 0.91 0.29 0 1 
cop_gly 593 0.09 0.29 0 1 
cop_elec 593 0.63 0.48 0 1 
cop_heat 593 0.12 0.32 0 1 
cop_algmeal 593 0.10 0.30 0 1 
cop_biog 593 0.18 0.39 0 1 
cop_other 593 0.25 0.54 0 2 
cop_otherelec 593 0.48 0.50 0 1 
coprod_num 593 1.36 1.00 0 5 
mass_yield_exist 593 0.64 0.48 0 1 
g2_mass_yield 378 0.22 0.07 0.07 0.50 
eth_expl 361 0.08 0.28 0 1 
eth_ac 361 0.83 0.37 0 1 
eth_amm 361 0.08 0.28 0 1 
eth_other 361 0.00 0.00 0 0 
btl_pre_torr 153 0.07 0.25 0 1 
btl_pre_pyro 153 0.05 0.21 0 1 
btl_pre_none 153 0.89 0.32 0 1 
btl_pro_autoth 153 0.86 0.35 0 1 
btl_pro_alng 153 0.08 0.27 0 1 
btl_pro_alelec 153 0.03 0.18 0 1 
btl_pro_alrenew 153 0.03 0.16 0 1 
btl_gasrecycl 153 0.01 0.11 0 1 
btl_ccs 153 0.02 0.14 0 1 
g3_productivity 76 30.09 18.86 6.85 150.00 
g3_oil 77 0.41 0.11 0.15 0.70 
g3_Oppond 77 0.61 0.49 0 1 
zloc_us 593 0.34 0.47 0 1 
!! "#$!
zloc_eu 593 0.64 0.48 0 1 
zloc_other 593 0.02 0.15 0 1 
Methodological choices         
lca_att 593 0.97 0.17 0 1 
lca_cons 593 0.03 0.17 0 1 
Wtt 593 0.38 0.49 0 1 
Wtw 593 0.62 0.49 0 1 
Infrastruct 593 0.44 0.50 0 1 
copval_alloc_ener 593 0.26 0.44 0 1 
copval_alloc_mass 593 0.04 0.20 0 1 
copval_alloc_markval 593 0.12 0.32 0 1 
copval_alloc_exerg 593 0.01 0.07 0 1 
copval_alloc 593 0.42 0.49 0 1 
copval_systexp 593 0.55 0.50 0 1 
copval_hyb 593 0.07 0.26 0 1 
wtw*g3_carbneut 77 0.00 0.00 0 0 
gas_num 394 0.26 0.44 0 1 
ass_ipcc 573 0.37 0.48 0 1 
Luc 593 0.51 0.50 0 1 
luc_dir 593 0.51 0.50 0 1 
luc_indir 593 0.03 0.18 0 1 
uncer_ref 593 0.57 0.50 0 1 
uncer_MC 593 0.10 0.30 0 1 
uncer_SA 593 0.38 0.49 0 1 
uncer_MCSA 593 0.48 0.50 0 1 
impcat_nev 593 0.31 0.46 0 1 
impcat_nrc 593 0.41 0.49 0 1 
impcat_nrcnev 593 0.50 0.50 0 1 
impcat_gwp 593 1.00 0.00 1 1 
impcat_other 593 1.09 2.28 0 9 
impcat_all 593 2.81 2.43 1 12 
Typology of the study           
lit_pr 593 0.63 0.48 0 1 
lit_or 593 0.09 0.29 0 1 
lit_dir 593 0.03 0.17 0 1 
lit_ordir 593 0.12 0.32 0 1 
lit_wp 593 0.25 0.44 0 1 
Year 593 2009.38 1.31 2002 2011 
year_07 593 0.97 0.17 0 1 
year_09 593 0.90 0.30 0 1 
year_10 593 0.56 0.50 0 1 
zlab_us 593 0.32 0.47 0 1 
zlab_eu 593 0.67 0.47 0 1 
zlab_other 593 0.01 0.10 0 1 !! !
!! "#$!
!"#$%"&'()'*'+',-"-./-.0&%/'1%/23.4-.5%/'46&3'$7829":-.$$6:';<'
  # of values mean std dev min max 
Descriptive statistics for the Effect Size       
Es 77 88.87 211.85 -96.47 1377.90 
es_min 77 -46.68 146.41 -352.81 881.44 
es_max 77 224.42 351.73 -7.55 1874.37 
es_var 77 11898.53 23739.99 265.09 64159.87 
es_et 77 69.16 84.91 16.28 253.30 
Technical data           
gen_2 77 0.00 0.00 0 0 
gen_3 77 1.00 0.00 1 1 
Etha 77 0.00 0.00 0 0 
Btl 77 0.00 0.00 0 0 
Fame 77 0.82 0.39 0 1 
Hvo 77 0.19 0.40 0 1 
mat_algae 77 1.00 0.00 1 1 
mat_agrires 77 0.00 0.00 0 0 
mat_for 77 0.00 0.00 0 0 
mat_enercult 77 0.00 0.00 0 0 
mat_farmwood 77 0.00 0.00 0 0 
mat_other 77 0.00 0.00 0 0 
mat_cult 77 0.00 0.00 0 0 
Coprod 77 1.00 0.00 1 1 
cop_gly 77 0.71 0.45 0 1 
cop_elec 77 0.27 0.45 0 1 
cop_heat 77 0.40 0.49 0 1 
cop_algmeal 77 0.79 0.41 0 1 
cop_biog 77 0.00 0.00 0 0 
cop_other 77 0.95 0.93 0 2 
cop_otherelec 77 0.87 0.34 0 1 
coprod_num 77 2.99 1.71 1 5 
mass_yield_exist 77 0.05 0.22 0 1 
g3_productivity 76 30.09 18.86 6.85 150.00 
g3_oil 77 0.41 0.11 0.15 0.70 
g3_Oppond 77 0.61 0.49 0 1 
zloc_us 77 0.42 0.50 0 1 
zloc_eu 77 0.51 0.50 0 1 
zloc_other 77 0.08 0.27 0 1 
Methodological choices         
lca_att 77 0.92 0.27 0 1 
lca_cons 77 0.08 0.27 0 1 
Wtt 77 0.65 0.48 0 1 
Wtw 77 0.35 0.48 0 1 
Infrastruct 77 0.51 0.50 0 1 
copval_alloc_ener 77 0.08 0.27 0 1 
copval_alloc_mass 77 0.00 0.00 0 0 
copval_alloc_markval 77 0.03 0.16 0 1 
copval_alloc_exerg 77 0.00 0.00 0 0 
copval_alloc 77 0.10 0.31 0 1 
copval_systexp 77 0.90 0.31 0 1 
!! "#$!
copval_hyb 77 0.55 0.50 0 1 
wtw*g3_carbneut 77 0.00 0.00 0 0 
gas_num 77 0.45 0.50 0 1 
ass_ipcc 77 0.48 0.50 0 1 
Luc 77 0.08 0.27 0 1 
luc_dir 77 0.08 0.27 0 1 
luc_indir 77 0.08 0.27 0 1 
uncer_ref 77 0.39 0.49 0 1 
uncer_MC 77 0.00 0.00 0 0 
uncer_SA 77 0.61 0.49 0 1 
uncer_MCSA 77 0.61 0.49 0 1 
impcat_nev 77 0.30 0.46 0 1 
impcat_nrc 77 0.40 0.49 0 1 
impcat_nrcnev 77 0.70 0.46 0 1 
impcat_gwp 77 1.00 0.00 1 1 
impcat_other 77 0.66 1.13 0 5 
impcat_all 77 2.36 1.38 1 7 
Typology of the study           
lit_pr 77 0.73 0.45 0 1 
lit_or 77 0.00 0.00 0 0 
lit_dir 77 0.08 0.27 0 1 
lit_ordir 77 0.08 0.27 0 1 
lit_wp 77 0.19 0.40 0 1 
Year 77 2009.88 0.32 2009 2010 
year_07 77 1.00 0.00 1 1 
year_09 77 1.00 0.00 1 1 
year_10 77 0.88 0.32 0 1 
zlab_us 77 0.42 0.50 0 1 
zlab_eu 77 0.51 0.50 0 1 
zlab_other 77 0.08 0.27 0 1 !! !
!! "#$!
!"#$%"&'()'*'+',-"-./-.0&%/'1%/23.4-.5%/'46&3'$7829":-.$$6:';<'
  # of values mean std dev min max 
Descriptive statistics for the Effect Size       
Es 516 26.33 45.20 -142.18 518.40 
es_min 516 -5.96 48.83 -307.59 195.45 
es_max 516 58.65 77.27 -127.01 841.35 
es_var 516 827.04 3582.78 0.00 27149.13 
es_et 516 16.54 23.55 0.03 164.77 
Technical data           
gen_2 516 1.00 0.00 1 1 
gen_3 516 0.00 0.00 0 0 
Etha 516 0.70 0.46 0 1 
Btl 516 0.30 0.46 0 1 
Fame 516 0.00 0.00 0 0 
Hvo 516 0.00 0.00 0 0 
mat_algae 516 0.00 0.00 0 0 
mat_agrires 516 0.25 0.43 0 1 
mat_for 516 0.06 0.23 0 1 
mat_enercult 516 0.32 0.47 0 1 
mat_farmwood 516 0.11 0.31 0 1 
mat_other 516 0.26 0.44 0 1 
mat_cult 516 0.43 0.50 0 1 
Coprod 516 0.89 0.31 0 1 
cop_gly 516 0.00 0.00 0 0 
cop_elec 516 0.69 0.46 0 1 
cop_heat 516 0.08 0.27 0 1 
cop_algmeal 516 0.00 0.00 0 0 
cop_biog 516 0.21 0.41 0 1 
cop_other 516 0.15 0.35 0 1 
cop_otherelec 516 0.42 0.49 0 1 
coprod_num 516 1.12 0.52 0 3 
mass_yield_exist 516 0.73 0.44 0 1 
g2_mass_yield 378 0.22 0.07 0.07 0.50 
eth_expl 361 0.08 0.28 0 1 
eth_ac 361 0.83 0.37 0 1 
eth_amm 361 0.08 0.28 0 1 
eth_other 361 0.00 0.00 0 0 
btl_pre_torr 153 0.07 0.25 0 1 
btl_pre_pyro 153 0.05 0.21 0 1 
btl_pre_none 153 0.89 0.32 0 1 
btl_pro_autoth 153 0.86 0.35 0 1 
btl_pro_alng 153 0.08 0.27 0 1 
btl_pro_alelec 153 0.03 0.18 0 1 
btl_pro_alrenew 153 0.03 0.16 0 1 
btl_gasrecycl 153 0.01 0.11 0 1 
btl_ccs 153 0.02 0.14 0 1 
zloc_us 516 0.33 0.47 0 1 
zloc_eu 516 0.66 0.48 0 1 
zloc_other 516 0.02 0.12 0 1 
Methodological choices         
!! "#$!
lca_att 516 0.98 0.14 0 1 
lca_cons 516 0.02 0.14 0 1 
Wtt 516 0.34 0.47 0 1 
Wtw 516 0.66 0.47 0 1 
Infrastruct 516 0.43 0.50 0 1 
copval_alloc_ener 516 0.28 0.45 0 1 
copval_alloc_mass 516 0.05 0.21 0 1 
copval_alloc_markval 516 0.13 0.34 0 1 
copval_alloc_exerg 516 0.01 0.08 0 1 
copval_alloc 516 0.47 0.50 0 1 
copval_systexp 516 0.50 0.50 0 1 
copval_hyb 516 0.00 0.04 0 1 
gas_num 317 0.21 0.41 0 1 
ass_ipcc 496 0.35 0.48 0 1 
Luc 516 0.58 0.49 0 1 
luc_dir 516 0.58 0.49 0 1 
luc_indir 516 0.03 0.16 0 1 
uncer_ref 516 0.60 0.49 0 1 
uncer_MC 516 0.11 0.32 0 1 
uncer_SA 516 0.34 0.48 0 1 
uncer_MCSA 516 0.46 0.50 0 1 
impcat_nev 516 0.31 0.46 0 1 
impcat_nrc 516 0.41 0.49 0 1 
impcat_nrcnev 516 0.47 0.50 0 1 
impcat_gwp 516 1.00 0.00 1 1 
impcat_other 516 1.16 2.40 0 9 
impcat_all 516 2.87 2.55 1 12 
Typology of the study           
lit_pr 516 0.61 0.49 0 1 
lit_or 516 0.10 0.30 0 1 
lit_dir 516 0.02 0.14 0 1 
lit_ordir 516 0.12 0.33 0 1 
lit_wp 516 0.26 0.44 0 1 
Year 516 2009.30 1.38 2002 2011 
year_07 516 0.97 0.18 0 1 
year_09 516 0.89 0.32 0 1 
year_10 516 0.51 0.50 0 1 
zlab_us 516 0.31 0.46 0 1 
zlab_eu 516 0.69 0.46 0 1 
zlab_other 516 0.00 0.00 0 0 !! !
!! "#$!
!"#$%"&'()'*'+',-"-./-.0&%/'1%/23.4-.5%/'46&3'$7829":-.$$6:'8-9":6$'
  # of values mean std dev min max 
Descriptive statistics for the Effect Size       
Es 361 29.45 48.39 -113.60 518.40 
es_min 361 -2.17 51.44 -307.59 195.45 
es_max 361 61.12 85.31 -49.54 841.35 
es_var 361 941.37 4232.25 0.00 27149.13 
es_et 361 16.19 26.10 0.03 164.77 
Technical data           
gen_2 361 1.00 0.00 1 1 
gen_3 361 0.00 0.00 0 0 
Etha 361 1.00 0.00 1 1 
Btl 361 0.00 0.00 0 0 
Fame 361 0.00 0.00 0 0 
Hvo 361 0.00 0.00 0 0 
mat_algae 361 0.00 0.00 0 0 
mat_agrires 361 0.29 0.45 0 1 
mat_for 361 0.02 0.13 0 1 
mat_enercult 361 0.29 0.45 0 1 
mat_farmwood 361 0.10 0.30 0 1 
mat_other 361 0.31 0.46 0 1 
mat_cult 361 0.39 0.49 0 1 
Coprod 361 0.89 0.31 0 1 
cop_gly 361 0.00 0.00 0 0 
cop_elec 361 0.58 0.49 0 1 
cop_heat 361 0.02 0.16 0 1 
cop_algmeal 361 0.00 0.00 0 0 
cop_biog 361 0.30 0.46 0 1 
cop_other 361 0.15 0.36 0 1 
cop_otherelec 361 0.46 0.50 0 1 
coprod_num 361 1.06 0.49 0 3 
mass_yield_exist 361 0.66 0.48 0 1 
g2_mass_yield 237 0.25 0.05 0.11 0.50 
eth_expl 361 0.08 0.28 0 1 
eth_ac 361 0.83 0.37 0 1 
eth_amm 361 0.08 0.28 0 1 
eth_other 361 0.00 0.00 0 0 
zloc_us 361 0.37 0.48 0 1 
zloc_eu 361 0.61 0.49 0 1 
zloc_other 361 0.02 0.15 0 1 
Methodological choices         
lca_att 361 0.98 0.14 0 1 
lca_cons 361 0.02 0.14 0 1 
Wtt 361 0.37 0.48 0 1 
Wtw 361 0.63 0.48 0 1 
Infrastruct 361 0.45 0.50 0 1 
copval_alloc_ener 361 0.34 0.48 0 1 
copval_alloc_mass 361 0.04 0.21 0 1 
copval_alloc_markval 361 0.07 0.25 0 1 
copval_alloc_exerg 361 0.01 0.09 0 1 
!! "#$!
copval_alloc 361 0.47 0.50 0 1 
copval_systexp 361 0.52 0.50 0 1 
copval_hyb 361 0.00 0.05 0 1 
gas_num 205 0.12 0.33 0 1 
ass_ipcc 361 0.35 0.48 0 1 
Luc 361 0.66 0.48 0 1 
luc_dir 361 0.66 0.48 0 1 
luc_indir 361 0.03 0.16 0 1 
uncer_ref 361 0.54 0.50 0 1 
uncer_MC 361 0.13 0.33 0 1 
uncer_SA 361 0.38 0.49 0 1 
uncer_MCSA 361 0.51 0.50 0 1 
impcat_nev 361 0.20 0.40 0 1 
impcat_nrc 361 0.34 0.47 0 1 
impcat_nrcnev 361 0.37 0.48 0 1 
impcat_gwp 361 1.00 0.00 1 1 
impcat_other 361 0.89 2.04 0 9 
impcat_all 361 2.43 2.11 1 11 
Typology of the study           
lit_pr 361 0.62 0.49 0 1 
lit_or 361 0.03 0.18 0 1 
lit_dir 361 0.01 0.12 0 1 
lit_ordir 361 0.05 0.21 0 1 
lit_wp 361 0.33 0.47 0 1 
Year 361 2009.42 1.25 2002 2011 
year_07 361 0.96 0.19 0 1 
year_09 361 0.94 0.23 0 1 
year_10 361 0.48 0.50 0 1 
zlab_us 361 0.34 0.48 0 1 
zlab_eu 361 0.66 0.48 0 1 
zlab_other 361 0.00 0.00 0 0 !! !
!! "#$!
!"#$%"&'()'*'+',-"-./-.0&%/'1%/23.4-.5%/'46&3'$7829":-.$$6:';!<'
  # of values mean std dev min max 
Descriptive statistics for the Effect Size       
Es 155 19.04 35.78 -142.18 189.00 
es_min 155 -14.77 40.94 -204.37 65.53 
es_max 155 52.91 53.94 -127.01 334.35 
es_var 155 560.76 975.95 0.21 5499.18 
es_et 155 17.35 16.17 0.46 74.16 
Technical data           
gen_2 155 1.00 0.00 1 1 
gen_3 155 0.00 0.00 0 0 
Etha 155 0.00 0.00 0 0 
Btl 155 1.00 0.00 1 1 
Fame 155 0.00 0.00 0 0 
Hvo 155 0.00 0.00 0 0 
mat_algae 155 0.00 0.00 0 0 
mat_agrires 155 0.16 0.37 0 1 
mat_for 155 0.15 0.36 0 1 
mat_enercult 155 0.41 0.49 0 1 
mat_farmwood 155 0.13 0.34 0 1 
mat_other 155 0.15 0.36 0 1 
mat_cult 155 0.54 0.50 0 1 
Coprod 155 0.90 0.31 0 1 
cop_gly 155 0.00 0.00 0 0 
cop_elec 155 0.93 0.26 0 1 
cop_heat 155 0.20 0.40 0 1 
cop_algmeal 155 0.00 0.00 0 0 
cop_biog 155 0.00 0.00 0 0 
cop_other 155 0.13 0.34 0 1 
cop_otherelec 155 0.33 0.47 0 1 
coprod_num 155 1.26 0.56 0 2 
mass_yield_exist 155 0.91 0.29 0 1 
g2_mass_yield 141 0.16 0.06 0.07 0.42 
btl_pre_torr 153 0.07 0.25 0 1 
btl_pre_pyro 153 0.05 0.21 0 1 
btl_pre_none 153 0.89 0.32 0 1 
btl_pro_autoth 153 0.86 0.35 0 1 
btl_pro_alng 153 0.08 0.27 0 1 
btl_pro_alelec 153 0.03 0.18 0 1 
btl_pro_alrenew 153 0.03 0.16 0 1 
btl_gasrecycl 153 0.01 0.11 0 1 
btl_ccs 153 0.02 0.14 0 1 
zloc_us 155 0.23 0.42 0 1 
zloc_eu 155 0.77 0.42 0 1 
zloc_other 155 0.00 0.00 0 0 
Methodological choices         
lca_att 155 0.97 0.16 0 1 
lca_cons 155 0.03 0.16 0 1 
Wtt 155 0.27 0.45 0 1 
Wtw 155 0.73 0.45 0 1 
!! "#"!
Infrastruct 155 0.38 0.49 0 1 
copval_alloc_ener 155 0.14 0.35 0 1 
copval_alloc_mass 155 0.06 0.23 0 1 
copval_alloc_markval 155 0.28 0.45 0 1 
copval_alloc_exerg 155 0.00 0.00 0 0 
copval_alloc 155 0.48 0.50 0 1 
copval_systexp 155 0.46 0.50 0 1 
copval_hyb 155 0.00 0.00 0 0 
gas_num 112 0.38 0.49 0 1 
ass_ipcc 135 0.34 0.48 0 1 
Luc 155 0.39 0.49 0 1 
luc_dir 155 0.39 0.49 0 1 
luc_indir 155 0.03 0.16 0 1 
uncer_ref 155 0.72 0.45 0 1 
uncer_MC 155 0.08 0.27 0 1 
uncer_SA 155 0.26 0.44 0 1 
uncer_MCSA 155 0.34 0.47 0 1 
impcat_nev 155 0.56 0.50 0 1 
impcat_nrc 155 0.57 0.50 0 1 
impcat_nrcnev 155 0.71 0.46 0 1 
impcat_gwp 155 1.00 0.00 1 1 
impcat_other 155 1.79 2.99 0 9 
impcat_all 155 3.92 3.11 1 12 
Typology of the study           
lit_pr 155 0.59 0.49 0 1 
lit_or 155 0.26 0.44 0 1 
lit_dir 155 0.04 0.19 0 1 
lit_ordir 155 0.30 0.46 0 1 
lit_wp 155 0.11 0.31 0 1 
Year 155 2009.01 1.62 2002 2011 
year_07 155 0.97 0.18 0 1 
year_09 155 0.75 0.44 0 1 
year_10 155 0.56 0.50 0 1 
zlab_us 155 0.23 0.42 0 1 
zlab_eu 155 0.77 0.42 0 1 








!NOUVELLES APPROCHES POUR L’ÉVALUATION ENVIRONNEMENTALE DES 
BIOCARBURANTS AVANCÉS 
 
RESUME : L’Analyse de Cycle de Vie (ACV) a été explicitement employée, dans le cadre 
législatif en Europe et aux Etats-Unis afin de quantifier les bénéfices de filières biocarburants 
vis-à-vis des objectifs de réduction d’émissions des gaz à effet de serre (GES) et 
d’indépendance énergétique. Nous investiguons, au cours de cette thèse, la concordance du 
développement des biocarburants avancés (éthanol lignocellulosique, Biomass to Liquids - 
BTL, EMHV/HVO à partir de microalgues) avec ces objectifs par le biais de deux travaux 
indépendants. Le premier est une méta-analyse (synthèse de littérature) des études ACV 
appliquées aux filières de biocarburants avancés. Dans cette partie de la thèse, en utilisant des 
méthodes économétriques, nous identifions et quantifions les facteurs qui impactent le plus les 
résultats d’émissions de GES au long du cycle de vie des produits étudiés et calculons 
l’intervalle de confiance pour ces résultats. Le deuxième travail est une ACV conséquentielle et 
prospective illustrée par une étude de cas concernant l’introduction du BTL en France. Nous 
avons adapté un modèle prospectif de type TIMES pour la réalisation d’évaluations 
environnementales. De cette façon,  nous prenons en compte des mécanismes économiques à 
l’origine d’impacts sur d’autres systèmes de la production de biocarburants. Ainsi, nous 
contribuons aux développements méthodologiques autour de l’ACV conséquentielle et 
prospective avec des discussions sur la définition de l’unité fonctionnelle, la définition des 
frontières du système, l’inclusion d’aspects dynamiques dans la caractérisation d’impacts, 
l’utilisation de scénarios (différents contextes politiques et économiques) et la réalisation des 
analyses de sensibilité sur les frontières du système pour mettre en évidence les limites du 
modèle utilisé. 
Mots clés : Analyse de cycle de vie conséquentielle, biocarburants avancés, biomasse 
lignocellulosique, méta-analyse, méta-régression, prospective énergétique, TIMES 
 
NEW APPROACHES FOR THE ENVIRONEMENTAL EVALUATION OF  
ADVANCED BIOFUELS 
ABSTRACT: Life Cycle Assessment (LCA) has been used in legislative texts in Europe and in 
the United States to quantify the benefits of biofuel production in terms of greenhouse gas 
(GHG) emissions reductions and energy security. In this thesis, we propose two independent 
approaches to investigate the compliance of advanced biofuels (cellulosic ethanol, Biomass to 
liquids - BTL, microalgae FAME/HVO) production with these objectives. The first one is a meta-
analysis (literature synthesis) of LCA studies concerning advanced biofuels. Using econometric 
methods, we are able to identify and quantify the main factors impacting GHG emission LCA 
results. Also, we estimate a confidence interval for these results for each type of advanced 
biofuel in question. The second part of this work is a consequential and prospective LCA 
illustrated by a case study about the introduction of BTL technology in France. A long-term 
TIMES-type energy model was adapted for environmental evaluations in order to capture 
impacts occurring in affected systems through economic mechanisms. We contribute, with this 
work, for a proper systematization of consequential and prospective LCA. We discuss the 
functional unit and system boundaries definitions, the use of dynamic impact characterization 
factors, the use of scenarios (different political and economical contexts) and the exploration of 
the system’s boundaries to bring attention to the limits of the model employed. 
Keywords: Consequential life cycle assessment, advanced biofuels, lignocellulosic biomass, 
meta-analysis, meta-regression, energy prospective, TIMES 
